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ABSTRACT 
Ten steers, average beginning weight of 345 kg, were used in a digestibility 
trial to evaluate the effects of corn type and corn processing on DMI, nutrient 
digestion and nitrogen metabolism. Experimental design was a 10x10 Latin square 
with a 2 x 5 factorial arrangement consisting of 2 processing methods (whole or 
cracked) and 5 corn types, normal (NC), high-oil (HOC), white (WC), high-protein 
(HPC) and high-oil-high protein (HOHPC). Diets were formulated to be 
isonitrogenous (13% CP) and contained 87% concentrate (DM basis). Feedstuffs, 
orts and feces were collected and analyzed for dry matter (DM), organic matter 
(OM), starch, ether extract (EE), nitrogen (N), acid detergent fiber (ADF) and neutral 
detergent fiber (NDF). Urine was collected and analyzed for N. No differences were 
observed for dry matter intake (DMI), DM digestibility, ADF digestibility or fecal N 
excretion based on corn type (P>.1). Digestion of OM differed (P=.05) befinreen HPC 
(81.54%) and HOHPC (78.72%). Starch digestion was different (P=.02) for HOHPC 
(92.99°/a) and NC (89.44%). Digestion of CP of NC (76.75%) differed (P=.02) from 
HOHPC (74.07%). Fat digestion for NC and HOHPC differed from 74.53% to 
79.39°/a, respectively (P=.04). Digestion of NDF of WC differed from NC (P=.0012) 
and HOHPC (P=.004) and were 63.43%, 56.47% and 56.92%, respectively. N intake 
was lower for HOHPC (P<.05) compared with the other types. Urine N differed 
(P=.009) between HOHPC (57.8 g/d) and WC (47.40 g/d). Retained N was lower for 
HOHPC compared with the other types (P<.0001) resulting in poorer N balance for 
HOHPC (P<.05). Cracking corn by rolling increased the digestion of DM, OM, starch, 
and fat by 2.6, 2.4, 5.3 and 7.4%, respectively. NDF digestion decreased 3.9%. 
X 
Cracking corn did not affect DMI, protein or ADF digestibility or N metabolism. A 
trend. (P=.0733) for an interaction befinreen corn type and processing for starch 
digestion was detected. No other interactions were detected. Based on these data, 
specialty corns were projected to have limited improvements in feeding value in diets 
of growing steers when compared with NC. Cracking may improve the nutrient 
availability of corn without affecting N metabolism in growing cattle. 
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CHAPTER 1 -INTRODUCTION 
The largest expense for cattle production is the cost of feed. Net profit for 
cattle feeders depends on the efficiency of energy conversion into units of gain. 
Feeding and finishing beef cattle in the United States is mostly dependent on 
feeding high amounts of grain in the finishing ration. During digestion and 
metabolism, much of the energy in feed is lost as feces, urine, gases and heat. 
Generally, 60% of the total combustible energy in grain and 80% of the combustible 
energy in roughages is lost during these processes (Ensminger, 1987). Improving 
digestion increases the amount of nutrients that are available for use in the body, 
including growth and development, while decreasing the losses of energy associated 
with digestion and metabolism. Therefore, improving feed utilization may indirectly 
improve performance of cattle in the feedlot (Gaylean and Duff, 1998). 
Feedlot rations are characteristically high in energy and low in fiber. High- 
energy concentrate feedstuffs, such as corn, are typically the most economical 
portion of the feedlot ration and have the most desirable effects on cattle gains and 
the efficiency of those gains (Galyean and Duff, 1998). Corn can produce more 
digestible nutrients per unit of land area than any other crop in areas of the country 
where corn production is high (Pond et al. 1995). According to Ensminger (1987), 
corn is an exceptional feedstuff for finishing beef cattle due to its high palatability 
and energy concentration. Corn is however, limited by its low protein content and 
quality of that protein. 
Efforts to improve the nutrient content of corn have led to the development of 
many corn hybrids including high protein, high oil, and white corn as well as multiple 
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combinations of nutritive traits. Such varieties of corn may have the potential to 
improve the livestock industry by providing additional digestive nutrients to livestock 
and thereb increasing the metabolizable energy density of the ration, without Y 
increasing bulk intake. This could indirectly improve performance and thus, 
economic return to producers and cattle feeders (Dado, 1999). 
The potential benefits of including high oil corn hybrids in livestock rations 
have been extensively documented (Thaler et a1.,1999; Benitez et a1.,1999; Parsons 
et al., 1998b and Trenkle and Belknap., 1999). The addition of lipids to cattle rations 
has been a technique used to increase the energy density of cattle rations, without 
increasing the bulk content of the diet (Ensminger,1987). The added lubrication of 
oils will produce less wear on machinery and mixers as well as decrease dust 
production (Pond, et al. 1995). 
Protein is another nutrient that has been targeted in corn hybrids for livestock 
feed in order to reduce or eliminate the need for supplemental protein sources in 
rations. Crude protein levels of beef rations have increased in recent years with 
increased use of growth promoting implant programs in United States feedlots. 
Galyean and Duff (1998) stated that an improvement in cattle performance is often 
observed when supplemental protein, above NRC recommendations, is fed to cattle 
that are subject to growth promoting implant programs. The increase in protein 
requirement of animals receiving anabolic agents is a result of an increase in lean 
tissue accretion (NRC, 1996). In addition, cattle fed highly fermentable grain 
sources, such as processed grains, may have increased microbial demands for 
nitrogen. Feeding corn higher in protein content or quality, may improve the value of 
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the ration by eliminating the need for additional sources of protein (Dudley et al., 
1974). 
White corn, generally milled for human consumption, may be available as a 
grain source if over-production occurs or if the corn does not grade for human use. 
There is limited, current research addressing the nutritive value of white corn for 
livestock species. There is potential for white corn to produce carcass fat that is 
significantly whiter than fat from cattle fed conventional yellow corn (Warrick and 
Trenkle, 2002). Producing whiter fat in beef carcasses has implications for export 
markets (Trenkle, 2002). Therefore, determining the nutritive value of white corn for 
feedlot cattle has implications for cattle producers and feeders. 
The first objective of this study was to compare the dry matter intake, nutrient 
digestibility and nitrogen metabolism of growing beef steers fed four different hybrids 
of corn, including high-oil corn (HOC), white corn (WC), high protein corn (HPC) and 
high-oil-high-protein corn (HOHPC), to that of normal yellow corn (NC) in diets fed to 
growing beef steers. A second objective of this study was to compare dry matter 
intake, nutrient digestibility and nitrogen metabolism of beef steers fed diets 
containing the same corn types processed by dry rolling the corn grain or feeding the 
corn grain whole to growing beef steers. 
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CHAPTER 2 -REVIEW OF LITERATURE 
SPECIALTY CORN IN LIVESTOCK DIETS 
Corn production in the United States, provides feed, food and a resource for 
many different industrial and commercial products. Agronomists have been 
challenged with enhancing the nutritional value of corn based on existing uses as 
well as the needs of future generations. The importance of meeting future and 
current demands has resulted in the production of different varieties and types of 
corn with varying nutrient contents and purposes (Boyer and Hannah, 1994). As an 
ingredient in ruminant rations, corn is typically an economic source of highly 
fermentable carbohydrates; however, corn has a limited feed value due to 
deficiencies in several nutrients such as protein, neutral-detergent fiber (NDF) and 
calcium (Ca). Phosphorus (P) availability may also be a nutritional concern for non-
ruminant species consuming corn-based rations (Dado, 1999 and Kellams and 
Church, 1998). The value of corn used in the diets of growing animals or for human 
consumption, could be increased with increased protein content. In addition, corn 
used to finish livestock may have an increase in value with a higher concentration of 
oil and energy (Hopkins, 1974). The Illinois Agricultural Experiment Station began 
selecting for oil and protein in the Burr's White variety of corn in 1896 (Dudley et al., 
1974). From these early efforts, corn hybrids have been developed that contain 
unique physical and chemical characteristics (Dado, 1999). 
HIGH OIL CORN IN LIVESTOCK DIETS 
In 1896, the University of Illinois began research to select and breed corn 
based on oil content (Dudley et al., 1974). By 1989, 90 generations of selection for 
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oil concentration in corn had been completed (Dudley and Lambert, 1992). The high 
oil corn hybrids have been produced to contain oil concentrations of 6-8% compared 
with conventional corn varieties that contain 3.5-5% oil (Lambert, 1994). A negative 
association between grain yield and fat content, prompted the development of the 
TopCross® method for production of HOC. This method involves using male sterile 
seed combined with seed from a high oil fertile male pollinator which, when planted, 
produce 92-94% male sterile plants and 6-8% fertile male high- oil pollinator plants. 
Pollination of the sterile plants by the high-oil pollinators results in the production of 
kernels containing higher oil content. These corn hybrids exhibit similar yield as 
conventional corn (Weber, 1983; Lambert, 1994). The germ in HOC is larger 
compared with that of conventional corn (Watson and Freeman, 1975; Lambert, 
1994) where at least 33% of the total oil is contained (Weber, 1983). HOC has been 
shown to have higher levels of metabolizable energy, crude protein (CP), %lysine, 
and total carotenoids (Han and Parsons, 1987; Lambert, 1994; Lee et al., 2001). 
Increasing the oil content of corn has been associated with an average .38% 
increase in protein with every 1%increase in oil content (Watson and Freeman, 
1975). With increased protein content, the protein quality of corn often decreases 
due to a decrease in the lysine concentration as a percentage of CP (Hogan et al., 
1955). According to evaluations of the nutritive value of HOC compared with 
conventional corn, the levels of most amino acids are similar; however, lysine 
concentration increases with increasing oil concentration (Parsons et al., 1998). Han 
et al. (1987) found no difference in protein efficiency ratio or in the net protein ratio 
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between two types of HOC and conventional corn, fed to crossbred chicks indicating 
similar protein quality for conventional corn and HOC. 
HOC hybrids have been successfully used by the poultry industry in order to 
improve growth, feed efficiency as well as meat and plasma pigmentation in broilers 
and to improve feed conversion for laying hens. Han et al. (1987) fed four different 
HOC hybrids, with increasing oil content to broiler chicks, and reported a 1.6% 
improvement in feed efficiency with every percentage increase in corn oil 
concentration. It was shown that feeding increasing levels of oil, from HOC, 
improved feed efficiency 3.9, 7.9, 11.4 and 14.3% compared with the efficiency of 
broiler chicks fed conventional corn. Based on regression analysis, the improvement 
in feed efficiency of the HOC fed broilers was attributed to the increase in oil 
concentration and available energy. Likewise, AI-Batshan (2001) fed 3 and 5-week-
old broilers, diets containing conventional or HOC and noted improved feed 
conversion for the HOC fed broilers. In addition, HOC significantly increased daily 
gain, body weight, carcass weight and decreased the amount of abdominal fat. 
Improvements in feed efficiency were also reported in Peking ducks (Huang et al., 
2000), crossbred broiler chicks (Han et al., 1987) and broilers (Benitez et al., 1999) 
when fed HOC substituted for conventional corn. Studies have also indicated no 
significant differences in feed conversion for broilers (Saleh et al., 1997) or layers 
(Lee et al., 2001) when diets containing HOC were compared with diets containing 
conventional corn. 
The swine industry has also used HOC in diets to increase energy level and 
potentially improve performance. Adeola et al. (1997) reported an 8-10% 
7 
improvement in feed efficiency during a 28-day growth trial for 20 kg crossbred pigs 
fed isogenetic HOC compared with conventional corn. Spurlock et al. (1997) and 
Thaler et al. (1998 and 1999) also reported significant improvements in feed 
efficiency when pigs were fed HOC compared with conventional corn. Although feed 
efficiency in growing pigs was improved, Chung et al. (1998) reported no significant 
differences in carcass traits or pork quality between pigs fed diets containing HOC or 
conventional corn with added animal fat. HOC did produce carcasses that contained 
a higher proportion of polyunsaturated fatty acids in loin muscle due to a higher 
concentration of linoleic acid compared with conventional corn (Chung et al., 1998 
and Spurlock et al., 1997). 
Although feeding HOC has been shown to improve feed efficiency for poultry 
and swine (Lambert et a1.,1998), conflicting results have been reported for ruminants 
fed HOC. Studies have demonstrated a positive effect of HOC on fat-corrected milk 
yield and overall milk yield compared with conventional corn varieties fed to lactating 
dairy cows (Weiss and Wyatt, 2000 and 1999; Elliott et al., 1991; LaCount et al., 
1995). In contrast, it has also been documented that there are no benefits or 
differences in milk yield for cows fed HOC compared with conventional corn (Atwell 
et al., 1986 and 1988; Elliott et al., 1993). 
Dry matter intake (DMI) of cattle fed HOC have been variable. Intake was 
reported higher for cows consuming diets containing HOC compared with 
conventional corn (Atwell et al., 1988 and 1986 and LaCount et al., 1995) while no 
differences or slight reductions in DMI were observed and reported for dairy cows 
fed HOC in studies conducted by Weiss and Wyatt (2000 and 1999) and Elliott et al. 
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(1993). Derington et al. (2000); Loerch (2001); Trenkle (2000a) and Belknap (1999), 
reported no significant differences for DMI of beef steers fed HOC when compared 
with intakes of steers fed conventional corn. 
Feedlot performance, including average daily gain (ADG) and feed efficiency, 
was not different for steers fed HOC or conventional corn (Tollefson et al., 1998; 
Loerch, 2001; Andrae et al., 2000; Trenkle 2000a and Belknap 1999}. In contrast, 
Derington et al. (2000) reported a 5.1 %decrease in ADG and 7.5% poorer feed 
efficiency for feedlot steers fed HOC for 165 days prior to slaughter, compared with 
ADG of cattle fed typical yellow corn. 
Minor differences in carcass measures have been reported in recent studies 
addressing the effects of feeding HOC to feedlot cattle. No differences were 
observed for hot carcass weights, dressing percentage, fat thickness, kidney, pelvic, 
and heart fat percentage (KPH) or yield grade for HOC fed cattle compared with 
cattle fed normal yellow corn as reported by Derington et al. (2000) and Trenkle 
(2000a,b). Area of ribeye muscle tended (P=.07) to decrease for cattle fed HOC from 
91.9 cm2 to 89.7 cm2 compared with yellow corn, as reported by Derington et al. 
(2000). Likewise, Belknap (1999) reported significant (P=.05) decreases in area of 
ribeye muscle from 93.5 cm2 for cattle fed conventional corn to 89.2 cm2 for cattle 
fed HOC isogenetic to the conventional corn. This decrease was attributed to an 
inverse relationship between percentage of carcass fat and percentage of carcass 
lean. Tollefson et al. (1998) and Belknap (1999) reported significantly higher KPH% 
in carcasses of cattle fed HOC. Additionally, Andrae et al. (2001) reported higher 
marbling scores and a significant increase in the number of carcasses grading 
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Choice from cattle fed HOC. Upon analysis of carcass fat, HOC fed carcasses also 
exhibited a significantly greater proportion of polyunsaturated fatty acids compared 
with cattle fed conventional corn. 
Differences in nutrient digestibility have been variable in cattle fed HOC 
compared with conventional yellow corn types. Belknap (1999) reported a decrease 
of 9 percentage units for total tract dry matter (DM) digestibility of steers fed HOC 
compared with typical isogenetic corn. Organic matter (OM) digestibility was also 
reported to be significantly lower for cattle fed HOC. Atwell et al. 1988, also 
observed a significant decrease in DM digestibility of 3.6 percentage units when 
lactating dairy cows were fed HOC and silage. This is in contrast to an observed 
increase in DM and OM digestibility in beef steers fed HOC compared with yellow 
corn as reported by Andrae et al. (2000). Additionally, several studies have reported 
no observable differences for DM or OM digestibility in cattle fed HOC compared 
with conventional yellow corn (Elliott et al., 1991; Jarosz et al., 1999; Elliott et al., 
1993). 
Starch digestibility does not appear to be altered by HOC inclusion in cattle 
diets, compared with conventional corn, according to reports of Belknap (1999) and 
Jarosz et al. (1999). In the previous cited studies, the HOC included in the diets was 
isogenetic to the yellow corn fed in the diets. In contrast, Andrae et al. (2000), 
reported a significant increase in starch digestibility for steers fed HOC for 83 days; 
however, this corn was not isogenetic to the typical corn used in the study. 
Studies of fiber d igestion have generally reported few d ifferences for both 
feedlot and dairy cattle fed HOC compared with typical corn. No differences were 
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demonstrated in total tract digestibility of neutral detergent fiber (NDF) or acid 
detergent #fiber (ADF), for cattle fed HOC (Belknap, 1999; Elliott et al., 1991; Atwell 
et al., 1988 and Elliott et al., 1993). In contrast, Jarosz et al. (1999), reported a 6 and 
7 percentage unit increase in NDF and ADF digestibility, respectively, for cattle fed 
HOC compared with conventional corn. 
Ether extract (EE) digestibility and protein digestibility have consistently been 
unaltered by the inclusion of HOC in diets of ruminants according to Belknap (1999); 
Jarosz et al. (1999); Atwell et al. (1988) and Elliott et al. (1993). 
HIGH PROTEIN CORN IN LIVESTOCK DIETS 
Protein content in corn has been the topic of interest for many years. 
Attempts to improve the protein quality of corn began in the late 1800's based on 
concerns regarding poor nutrition for humans in various international countries 
(Nasal, 1994). Ninety generations of selection for protein content in corn was 
completed in 1989 for Illinois High Protein and Illinois Low Protein strains (Dudley 
and Lambert, 1992). Corn hybrids that contained high concentrations of lysine were 
first identified in the early 1960's and have been extensively studied in non-ruminant 
diets (Dado, 1999). 
Two portions of corn kernel contain the majority of the protein, namely the 
germ and the endosperm. The germ protein is superior in protein quality compared 
with that of the endosperm, which contains about 85% starch and 10% protein; 
however, it is the endosperm that contributes up to 80% of the total kernel protein 
(Nasal, 1994). Improving the protein quality of corn has focused on altering the 
amino acid profile of corn, by increasing the level of two essential amino acids, 
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lysine and tryptophan, in the endosperm (Nasal, 1994 and Lasztity, 1984). The 
proteins in the endosperm consist of storage proteins (zeins and glutelins) and 
cytoplasmic proteins (albumins and globulins) that are classified based on solubility. 
The major four protein fractions found in corn endosperm, albumins, globulins, zeins 
and glutelins, contribute 3%, 3%, 60% and 34% of the total protein content, 
respectively (Nasal, 1994). Zein proteins, which contribute the majority of protein, 
are low in lysine as well as tryptophan. Increasing the lysine content to improve the 
protein quality of corn, results in decreased amounts of zein protein while increasing 
the levels of albumin, globulin, and glutelin proteins. The recessive opaque-2 gene is 
specifically responsible for the increased concentration of lysine in high-lysine corn. 
These varieties contain similar protein contents compared with normal corn; 
however, have 54% more lysine (Dado, 1999). Other notable changes in the amino 
acid profile occur when increasing the protein content of corn. Some of these 
changes include, an increase in histidine, arginine, aspartic acid and glycine while 
levels of glutamic acid, alanine and leucine decrease. The decrease in leucine 
produces a more favorable balance between isoleucine and leucine allowing for 
increased liberation of tryptophan for the biosynthesis of niacin (Nasal, 1994). 
A limited amount of research has been conducted, addressing the effects of 
high-lysine corn on cattle performance, with variable results. Nelson et al. (1971), 
Slabbert et al. (1988) and Ladley et al. (1995) reported improved feed efficiencies for 
feedlot cattle fed diets containing high-lysine corn compared with diets containing 
typical yellow corn. In contrast, Thomas et al. (1975) and Trenkle (2000a) reported 
similar gains and feed efficiency when feedlot cattle were fed high-protein corn 
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hybrids. Trenkle (2000a) also reported similar carcass measures for cattle fed high-
protein corn compared with normal corn; however, less soybean meal was used in 
rations containing high-protein corn, which resulted in reduced cost of gain. 
WHITE CORN IN LIVESTOCK DIETS 
White corn (WC) is typically grown in the United States for milling into corn 
products for human consumption. WC has little vitamin A activity compared with 
yellow corn varieties and therefore WC production diminished from 50% of corn 
production in 1920, to 1 % of total corn production in 1970 because it was not a 
suitable livestock feed (Troyer, 1999). Today, this corn is typically sold to dry milling 
or masa industries for processing into chips, tortillas, flour, grits and corn based 
snack foods. Due to the acceptance of the final products, WC has become a major 
commodity used in the food industry. As consumption of these products increases, 
the markets for WC continue to grow worldwide, thereby creating an increase in 
demand for WC production (Yuan and Flores, 1996). Although it has been 
documented that 60% of WC grown in the United States is contracted, 40% is sold in 
the open market. Due to increases in production of WC, surplus corn grain as well 
as corn that does not grade for human food consumption, may be available for use 
in the livestock industry (Trenkle, 2002). 
WC is similar in composition to yellow corn with regard to most nutrients; 
however, yellow corn has a much higher concentration of carotenes, xanthophylls 
and vitamin A precursors (Pond et al., 1995). According to Tyczkowski and 
Hamilton (1991), WC is not a suitable feedstuff ingredient for poultry diets due to the 
lack of carotenoid pigments. These pigments are responsible for the coloring of fat 
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and egg yolks. C~xycarotenoids, such as lutein, are not synthesized by the bird and 
must therefore be supplemented in the diet. Abnormal pigmentation or absorption of 
pigments, results in a condition known as Pale-Bird syndrome that is observed in 
birds fed WC (Schaeffer et al., 1988). 
The lack of carotenoid pigments may be a beneficial characteristic for the use 
of WC in feeds for other livestock species such as beef cattle if the lack of pigments 
produces fat that is whiter than traditional beef. Color appearance is an important 
factor in the consumer's decision to purchase meat products (Smith et al., 2000). 
Additionally, some export markets place a higher value on meat with whiter fat. The 
color of subcutaneous fat may impact the perceived quality of the meat. Barley has 
been used by the beef industry to produce whiter fat. Miller et al. (1996) reported a 
decrease in backfat thickness in cattle fed a barley based ration compared with 
cattle that were fed corn; furthermore, an increase in marbling was also indicated 
along with a lower fat color score indicating whiter fat. In support of this, Nelson et al. 
(2000), reported a whiter fat color score for cattle that were fed barley compared with 
cattle on a corn based ration (2.6 versus 2.9 on a 1-7 scale with 1 =white and 7 = 
yellow). Although barley has been shown to produce beef with whiter fat, there is 
controversy regarding the effects of feeding barley compared with corn to feedlot 
cattle on meat color, texture and firmness (Jeremiah et al., 1998 and Nelson et al., 
2000). Additionally, barley contains a higher fiber content than corn and 
considerably less digestible energy (Pond et al., 1995). WC may be an alternative 
choice for cattle feeders who want to whiten subcutaneous beef fat. According to 
Trenkle (2002), a significant decrease in fat color score, indicated whiter fat for cattle 
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fed WC compared with yellow corn. Based on comparison of fat color to the Japan 
Meat Grading Association color chart, feeding WC to finishing Angus beef steers 
decreased fat color score from 2.2 to 1.8 compared with cattle fed yellow corn. 
Little research has been conducted addressing the effects of feeding WC to 
beef cattle, on dry matter intake, nutrient digestibility and nitrogen metabolism. 
HIGH OIL HIGH PROTEIN CORN IN LIVESTOCK DIETS 
Plant breeders have developed methods to allow for the expression of both oil 
and protein content within corn grain. Evaluating the feeding value of these corn 
hybrids is becoming an increasing area of interest in the feeding industry. Currently, 
little research has been evaluated to determine the feeding value of such corn 
varieties for livestock. Increasing the protein content along with oil expression, has 
resulted in corn hybrids with significantly more lysine concentration, while the 
concentration of other key amino acids such as tryptophan and threonine remain 
unchanged (O'Quinn et al. 2000). 
High-lysine-high-oil corn (HLHOC) was evaluated in diets of young pigs 
compared with HOC. Results indicated that apparent ilea) digestion of DM, CP, Ash 
and amino acids were similar between treatments (O'Quinn et al. 2000}. Trenkle 
(2000a) fed 140 Angus steers HOC, HPC and HOHPC compared with NC for 113 
days. During the initial 63 days in the feedlot, steers consuming higher oil corn had 
slower rates of gain and poorer feed conversion. At the end of the trial no differences 
were observed in performance but less supplemental protein was required in the 
diets containing corns with higher protein concentration, therefore cost of gain was 
reduced for diets containing HPC and HOHPC. 
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SUPPLEMENTAL DIETARY FAT IN RUMINANT DIETS 
Monogastric animals require a source of essential fatty acids in the diet in 
order to maintain cell membrane structure and function as well as serve as 
precursors for complex lipids and prostaglandin production. Although monogastric 
animals require dietary sources of essential fatty acids, ruminant species do not 
require dietary essential fatty acids. Microorganisms within the rumen produce 
adequate amounts of the acids in order to meet metabolic requirements but do not 
utilize the energy of fats to produce microbial protein (Kellams and Church, 1998 
and NRC, 1996). Deficiencies of fatty acids are rarely seen in domestic animal 
species other than poultry, due to the oil content of most common feedstuffs such as 
corn and soybeans (Kellams and Church, 1998). Generally, the supplementation of 
additional lipid sources for ruminant animals is not required unless low-fat energy 
sources are used in the rations (Pond et al., 1995). 
Although not required in ruminant rations, the practice of adding supplemental 
lipid is common for several reasons. Fats are highly digestible and serve to increase 
the energy density of diets. Lipids supply 2.25 times more energy than starch and 
sugar; therefore, the addition of lipid will increase the caloric density of the diet 
without increasing the bulk of the ration (Jarosz and Stanton, 1997 and Pond et al., 
1995). Fat sources will generally increase the absorption of fat-soluble nutrients 
including the fat-soluble vitamins A, D, E and K (Kellams &Church, 1998). Dietary 
fats may also improve ration formulations by reducing dust and increasing 
palatability (Pond et al., 1995 and Kellams and Church, 1998). Increasing the level 
of fat inclusion for feedlot cattle diets up to 8%, has been implicated to increase daily 
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weight gain and improve feed conversion while having positive effects on empty 
body fat, KPH% and marbling score (Zinn, 1989a). 
Although many benefits have been associated with dietary fat 
supplementation, detrimental effects have been noted with regard to nutrient 
digestion. Dietary fats may form insoluble calcium (Ca) or magnesium (Mg) soaps in 
the gastrointestinal tract and will thereby decrease the absorption of nutrients and 
some minerals such as phosphorous (Kellams and Church, 1998). Ruminal bacteria 
are sensitive to fatty acids and pH changes; therefore, an increase in dietary fat may 
have toxic effects on some fiber digesting microbes resulting in decreased 
digestibility of fiber (Bock et al., 1990). Additionally, fat may coat feed particles, 
decreasing bacterial attachment and inhibiting microbial fermentation (Byers and 
Schelling, 1988). 
SOURCES OF DIETARY FATS AND OILS IN LIVESTOCK DIETS 
Supplemental dietary fats and oils are variable in composition and are not 
uniformly described or classified by the feeding industry. Animal fats are commonly 
used and consist of rendered fats from the beef, pork and poultry packing industries. 
Animal fats are generally classified as tallow (beefl, lard (swine) or grease based on 
the degree of fatty acid saturation and titer or hardness measurement. A titer of 40 
or higher indicates a fat that solidifies at a temperature of 40° C and has a higher 
concentration of saturated fatty acids. In comparison, grease has a higher 
percentage of unsaturated and polyunsaturated fatty acids, resulting in a titer below 
40 (Kellams and Church, 1998). 
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Plant oils are also utilized by the feeding industry and are obtained via 
extraction from common oilseeds such as, soybean, linseed, cottonseed, sunflower, 
safflower, rapeseed as well as corn. These fat sources typically have a higher 
degree of unsaturated fatty acids compared with animal fat sources (Steele et al., 
1971 and Pond et al., 1995). Oilseeds may also be fed whole, rather than as an 
extracted oil which have a less detrimental effect on fiber fermentation compared 
with extracted oils because the oils are less available and more slowly released from 
the seed and therefore not as toxic to rumen microorganisms (Steele et al., 1971). 
In the rumen, lipids are rapidly hydrolyzed and fatty acids are partially 
hydrogenated as a result of rumen microorganism activity. In order to prevent rumen 
microbial degradation, fat sources are often encapsulated within aformaldehyde-
protein matrix. Formaldehyde protected fats may contain oil seed sources (Dinius et 
al., 1975) or tallow (McCartor et al., 1978}. In addition, cations are often added to 
cattle rations as Ca-salts. These Ca-salts form insoluble soaps with fatty acids and 
therefore inhibit degradation of fat by microorganisms (Byers. and Schelling, 1988). 
Studies have indicated potential use of various types of protected fats as well as Ca-
salts of fatty acids in cattle diets (Park et al., 1994; Mandebvu et al., 2002; Harvatine 
et al., 2002 and Crawford et al., 2002). These forms are considered inert in the 
rumen and therefore can increase production and efficiency of feed utilization 
without decreasing fiber digestion (Canale et al., 1990). Park et al. (1994) 
demonstrated that various commercial protected fat products fed to steers did not 
have a negative effect on the disappearance of cellulose from Dacron bags placed in 
the rumen. Recently, a study was conducted to address the effects of feeding choice 
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white grease, protected rumen by-pass fat as Megalac® or by-pass fat 
supplemented as porcine fat-bloodmeal compared with no added fat. Results 
indicated no observable differences in rumen pH or carbohydrate fermentation 
(Crawford et al., 2002). 
Studies with cattle have been conducted to compare various sources of 
supplemental fats including those that are recycled from the restaurant industry. 
Many of the fats from restaurants include blends of animal and vegetable cooking 
oils and offer economic advantage for supplementation in cattle diets due to 
availability and similar cattle performance as other fat sources (Kellams and Church, 
1998). A comparative slaughter trial, conducted to determine the effects of dietary 
supplemental fat type on feeding value for feedlot cattle, determined that 
supplemental fat type did not affect live cattle performance or carcass 
characteristics. The fat types that were included in the study consisted of, yellow 
grease and blended animal-vegetable fat at levels of 4 and 8% (Zinn, 1989a). 
Palmquist, (1991) compared the nutrient digestibility of various types of fat sources 
including animal-vegetable blend, calcium-soap, hydrogenated animal fat, saturated 
fatty acids and tallow at either 2.85% or 5.7% of diet DM, in Jersey cows. No 
differences in the digestibility of DM, nitrogen (N), ADF, NDF, Ca or Mg were noted 
based on the source of fat or the level of fat added to the diet. 
EFFECT OF S~JPPLEMENTAL FAT ON INTAKE AND PERFORMANCE 
Feeding supplemental fat to cattle has resulted in variable results with regard 
to dry matter intake and live cattle performance. Avila et al. (2000), reported similar 
DMI across treatments when mid-lactation Holstein cows were fed diets containing 
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either 2% tallow, 2% yellow grease, a 2% blend of tallow and yellow grease (60% 
tallow: 40% yellow grease) or a diet with no additional fat added. Palmquist and 
Conrad (1980) and Bock et al. (1990) also reported no differences in DMI between 
control cattle and cattle supplemented with 2.9 to 10.8% EE and 3.5% EE, 
respectively. This is in contrast to results reported by Bindel et al. (1998), who 
demonstrated decreased DMI from 18.5 pounds per day to 17.5 pounds per day for 
control and 4%tallow supplemented beef heifers. Jarosz and Staton (1997) also 
reported a severe decrease in DMI, to near zero, for beef steers fed animal fat at 
levels greater than 4% of total dry matter. 
Average daily gain (ADG) was increased 11 %and feeding efficiency 
improved 9%for Holstein steers fed 5%griddle grease, 5% conventional yellow 
grease or a blend of fat sources compared with cattle fed no supplemental fat as 
reported by Plascenia et al. (1999). In support, Zinn (1992) reported a 7.3% increase 
in ADG and a 10.6% improvement in feed efficiency for crossbred beef steers fed 
88% concentrate diets with 6% added fat in the form of either yellow grease or 
cottonseed oil soapstock. Addition of 4% yellow grease to the diets of yearling 
crossbred steers, improved daily gain by 4.4% and feed efficiency by 6% (Brandt et 
al., 1990). In contrast, Bindel et al. (1998), reported a 7.3% reduction in ADG for 
heifers supplemented with 4% tallow. Gramlich et al. (1990); Drouillard et al. (1998) 
and Zinn and Plascenia (2002) also reported decreased daily gains when cattle were 
supplemented with greater than 5% tallow in feedlot rations. Lastly, McCoy et al. 
(1994) reported no difference in ADG for calves supplemented with 4% tallow. 
Based on the cited literature, the inclusion of supplemental dietary fat at levels below 
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4% of DM, appear to have positive effects on intake and performance, while levels 
exceeding 4% of DM, may have detrimental effects on performance. 
EFFECT OF SUPPLEMENTAL FAT ON DM AND OM DIGESTION 
Although feeding fats to ruminants will increase the energy density of the diet, 
it does not ensure that the energy is available for productive purposes (Jenkins and 
Jenny, 1989). High levels of dietary fat can have detrimental effects on the digestion 
of nutrients by coating microorganisms with a lipophillic membrane, preventing 
fermentation and thereby decreasing the digestion of nutrients (Jenkins, 1993; White 
et al., 1992 and Murphy et al., 1987). Whole cottonseed was substituted for corn at 
20% DM and supplemented with or without 5% yellow grease to determine the 
effects on nutrient digestion. Apparent total tract OM digestion was significantly 
decreased 5.7% with the addition of fat (Zinn and Plascenia., 1993). Similarly, 
increasing the amount of whole rapeseed up to 2% of DM showed a linear decrease 
in DM and OM digestion (Murphy et al., 1987). 
Several research trials have been conducted and demonstrated that the 
addition of fat to ruminant diets, has no affect on DM and OM digestion. Bock et al. 
(1990) reported similar DM digestion in the rumen, small intestine and total tract for 
cattle fed diets containing wheat and 10% alfalfa and supplemented with 0% added 
fat, 3.5% soybean oil soapstock, or 3.5% tallow . Zinn and Plascenia (1996) 
evaluated the effects of adding 0 or 6% yellow grease to diets containing either 10 or 
30% forage. It was reported that the addition of grease did not alter ruminal, 
postruminal or total tract digestion of OM. Plascenia et al. (1999) found similar 
results when addressing the effects of increasing free fatty acid (FFA) content of 
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yellow grease by the addition of griddle grease to finishing steer diets. No 
differences were reported for OM digestion when higher levels of FFA were 
contained in the rations. Likewise, Palmquist (1991) found no effect of various 
commercial supplemented fats at levels up to 5.7% of dry matter, on DM or OM 
digestion . 
EFFECT OF SUPPLEMENTAL FAT ON STARCH DIGESTION 
Due to the high concentrate nature of feedlot rations, consisting mainly of 
corn, starch is the predominant energy source for cattle (Kellams and Church, 1998). 
Starch granules are embedded within a protein matrix, which may inhibit the effect of 
enzymatic attack and digestion (Galyean and Duff, 1998). The addition of fats and 
oils to high concentrate rations, may have detrimental effects on the digestion of 
starch due to the lipid coating on the grain, causing decreased digestion in the 
rumen and more digestion in the lower intestinal tract (Huffman et al., 1992). 
Although thought to negatively impact starch digestion, Plascenia et al. (1999) 
reported no difference in starch digestion of feedlot steers fed an 88% concentrate 
diet supplemented with 5% griddle grease or 5% conventional yellow grease. In 
support, Zinn, (1989b) and Bock et al. (1990), also demonstrated a lack of effect of 
supplemental fat on starch digestion of feedlot cattle. 
EFFECT OF SUPPLEMENTAL FAT ON FIBER DIGESTION 
The addition of fat to ruminant diets, tends to decrease the utilization of fiber 
in those diets (Jenkins and Jenny, 1989; White et al., 1992). This is attributed to 
several factors associated with additional fat in the diet including: the physical 
coating of the fiber particles by fat, the inhibition of microbial attachment, toxic. 
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effects on the rumen microflora, fatty acid effects on cell membranes and the 
formation of cation-fatty acid insoluble complexes which reduce cation availability 
(Palmquist and Jenkins, 1980; Brooks et al., 1954 and Devendra and Lewis, 1974). 
Recent studies conducted with fat supplementation up to 6% of dry matter for feedlot 
steers have reported no differences in ruminal, intestinal or total tract digestion of 
ADF between control and fat supplemented steers (Plascenia et al., 1999; Zinn and 
Plascenia, 1996). ADF digestion by Holstein cows was not different among dietary 
treatments containing up to 10.8% EE compared with 3.8% EE as control (Palmquist 
et al., 1978). These studies indicate a safe region of fat supplementation of up to 6% 
to maintain digestion of fiber in cattle diets. 
EFFECT OF SUPPLEMENTAL FAT ON ETHER EXTACT DIGESTION 
According to Czerkawski and Clapperton, (1984), the supplementation of 
additional fat to ruminant diets, will have proportional increases in EE digestibility. 
This is attributed to the less digestible nature of endogenous plant lipids compared 
to supplemental lipid sources. Current literature has predominantly supported this 
idea although some research has shown no benefit, of supplemental fat, on EE 
digestion. Feedlot steers fed 5% blended animal-vegetable fat, showed 
improvements in fat digestion from 35.1 % to 64.1 %compared with control diets 
containing 0% supplemental fat (White et al., 1992). In support, Jones et al. (1993) 
demonstrated improved fat digestion in feedlot steers supplemented with 4% tallow. 
Additionally, dairy cattle fed supplemental dietary fat as hydrolyzed fat showed 
improvements in fat digestion from 41.88% to 60.57% compared with controls 
(Palmquist and Conrad, 1978). In contrast, Palmquist, (1991) and Murphy et al. 
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(1987), demonstrated that the supplementation of various fat sources, including 
protected calcium-salts of fatty acids, did not influence fatty acid digestibility. 
EFFECT OF SUPPLEMENTAL FAT ON CRUDE PROTEIN DIGESTION 
The predominant amount of ruminant research has demonstrated an increase 
in protein digestion, of cattle fed supplemental fat; however, limited research is 
available regarding detailed N metabolism when fat is added to ruminant diets (Zinn 
and Plascenia, 1996; White et al., 1992; Lucas and Loosli, 1944; Palmquist and 
Conrad, 1978). Although an increase in CP digestion has been noted, decreased N 
digestibility in ruminants has also been observed (Jenkins and Jenny, 1989; 
Belknap, 1999) when cattle are supplemented with additional fat or HOC. Plascenia 
et al. (1999) reported a lack of response in protein digestion when feedlot cattle were 
supplemented with additional dietary fat based on varying degrees of free fatty acid 
content. 
SUPPLEMENTAL DIETARY PROTEIN IN RUMINANT DIETS 
Ruminants maintain a microbial population in the rumen that can utilize both 
dietary protein as well as non-protein-nitrogen (NPN) as sources of N for bacterial 
protein synthesis (Owens and Zinn, 1988). Bacterial crude protein (BCP) can supply 
essentially all of the metabolizable protein required by beef cattle depending on the 
degradability of the protein in the ration and the energy available for bacterial protein 
synthesis (NRC, 1996). BCP in addition to dietary protein that escapes rumen 
degradation, are transported to the small intestine for digestion, absorption, and 
utilization by the animal (Owens and Zinn, 1988). The purpose of additional protein 
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supplementation to the diets of feedlot cattle, is to provide amino acids to the animal 
and to optimize ruminal fermentation (Milton et al., 1996). 
According to the NRC, (1996), simultaneous breakdown of carbohydrates and 
protein in the rumen, would result in optimum use of dietary rumen degraded protein. 
Due to the variety of ruminant diets however, this is typically not seen and inefficient 
protein utilization results. In feedlot diets where the concentrate portion of the diet 
contributes to the majority of the ration, starch is quickly fermented while protein 
degradation proceeds more slowly. Due to this slow protein breakdown, ammonia 
levels drop post-feeding and therefore sources of NPN, such as urea, are necessary 
to improve protein utilization and microbial protein synthesis (NRC, 1996 and 
~rskov, 1992). During fermentation processes in the rumen, all proteins, other than 
NPN sources, degrade into two or more fractions. These fractions are characterized 
as degradable or un-degradable according to rumen catabolism (Huber et al., 1994 
and NRC, 1996). 
Protein availability between feedstuffs is highly variable and therefore the 
Cornell Net Carbohydrate and Protein System (CNCPS) introduced further 
definitions of protein fractions based on degradability and starch fermentation in 
order to better describe and characterize feedstuffs (Huber et al., 1994; Sniffen et 
al., 1992 and Russell et al., 1992). The four feed protein fractions of the CNCPS 
system include A, B~, B2 and C. The A fraction is the NPN portion and 100% 
degraded in the rumen. B~ proteins are rapidly degraded in the rumen and B2
proteins are those that are partially degraded in the rumen and small intestine. The 
B3 proteins are slowly degraded in the rumen and typically associated with cell wall 
25 
components of feedstuffs. The last fraction, the C fraction, consists of proteins that 
are bound and unavailable for degradation and associated with the ADF content of 
feedstuffs (Sniffen et al., 1992 and Huber et al., 1994). 
The extent of degradability of dietary protein determines the contribution of 
that protein to the amino acid supply. Due to the microbial degradation of dietary 
proteins in the rumen, a high intake of protein may not supply adequate amounts of 
amino acids to the small intestine (Owens and Zinn, 1988). The less a protein is 
degraded in the rumen, the more dietary amino acids reach the small intestine for 
absorption and utilization by the animal (Mercer et al., 1976 and Huber et al., 1994). 
Protein sources such as bloodmeal and corn gluten meal (CGM), have been 
characterized based on extent of rumen degradability to establish optimal value as 
protein supplements for cattle (NRC, 1996). A substantial cost is associated with the 
supplementation of additional protein to feedlot cattle rations. Cattle feeders may 
benefit economically if feedstuffs are produced that can supply needed substrates 
for optimal microbial protein synthesis and utilization to the animal without having to 
increase supplemental protein sources in rations. 
EFFECT OF SUPPLEMENTAL PROTEIN ON INTAKE AND PERFORMANCE 
Supplementing dietary protein sources to ruminant diets has been 
documented to increase DMI and improve feed efficiency; however, conflicting 
reports regarding these parameters have been cited. Mawuenyegah et al. (1997) 
reported increased DMI from 528 g/d to 628 g/d and 692 g/d for sheep fed un-
treated barley straw and supplemental N sourced as ammoniated straw or soybean 
meal (SBM) respectively. The authors attributed this observation to decreased time 
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ruminating and therefore, less work to breakdown straw for digestion allowing for 
increased time spent eating. Similarly, Farmer et al. (2000) reported increases in 
steer intake of prairie hay with increased frequency of feeding a 43% CP supplement 
up to 7 days per week. This is in contrast to findings of Deutscher et al. (1997) who 
reported no increases in the intake of meadow hay for heifers fed a 37.5% CP 
supplement twice a week for two months after calving compared with un- 
supplemented heifers. 
Campbell et al. (1996) and Fike et al. (1993) reported increases in DMI when 
feedlot steers were supplemented with increasing levels of CP as SBM compared 
with urea; however, no differences in intake were observed for cattle supplemented 
with un-protected amino acids. Mathis et al. (1998 a, b) reported increased DMI for 
cattle fed increasing levels of SBM. Pond and Oltjen (1988) fed 320 steers either 10 
or 13% CP rations to address the effects of added SBM on cattle performance. Final 
weights and ADG were higher for cattle receiving 13% CP rations; however, no other 
differences were observed. Research conducted by Cosby et al. (1996) reported a 
13% increase in DMI for cattle fed SBM compared with urea; however, this 
difference was not statistically significant. Cecava et al. (1991); Hutcheson et al, 
(1993); Koster et al. (1996), Milton et al. (1996); Pritchard et al. (1995) and Fluharty 
et al. (1994), reported no differences in DMI between protein supplements differing 
in degradability. 
EFFECT OF SUPPLEMENTAL PROTEIN ON DM AND OM DIGESTION 
Based on recent studies, the site and extent of degradability of various 
sources of protein has little affect on total tract DM or OM digestion if adequate 
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dietary CP is available to cattle (Cecava et al., 1991). Fluharty et al. (1994) 
compared the effects of protein source on nutrient digestibility of 60, newly received 
feedlot steers. 13% CP treatment diets contained SBM or bloodmeal as the protein 
source. The only observed difference between the protein sources was during the 
initial 14 days when steers fed bloodmeal had superior DM digestion of 66.3% 
compared with 58.6% for SBM. Koster et al. (1996) fed increasing levels (0, 15 or 
30%) of supplemental CP in the form of urea to steers. There were no differences in 
OM digestion with increasing levels of urea in the diet. Likewise, Wessels and 
Titgemeyer (1996a), fed Holstein steers an 86% concentrate diet and supplemented 
them with protected lysine and methionine as well as increased CP from 12.5 to 
14%, fed as SBM, and did not see significant differences in OM or DM digestibility. 
Feeding supplemental degradable protein to diets containing poor quality 
forages, low in CP, seems to benefit digestion and improve performance due to the 
increase in energy and N available to rumen microbes (Farmer et al., 2000). Fike et 
al. (1993) supplemented 454 kg. steers, fed ammoniated wheat straw, with 4.5 
pounds/day of a supplement containing 0, 10, 20 or 30% CP as SBM. A significant 
increase in DM digestion was observed when steers consumed the 30% CP 
supplement compared with steers consuming the 10% supplement, while 20% was 
intermediate. In support, OM digestion was significantly increased from 52 to 63% 
for growing steers allowed access to supplemental urea, in the form of a 60% CP 
molasses block, while consuming low-quality prairie hay, compared to steers without 
access to the supplemental protein block (Loest et al. 2000). Lastly, Jones et al. 
(1996) reported a positive effect of increasing degradable protein as casein, placed 
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in the rumen prior to intake of low-quality prairie hay, up to .123% of diet DM, on diet 
DM digestion in 260 kg. growing steers. 
EFFECT OF SUPPLEMENTAL PROTEIN ON CRUDE PROTEIN AND FIBER 
DIGESTION 
Research has been conducted regarding the effects of supplemental protein 
on cattle performance; however, little research has addressed the effects of 
supplemental protein on nutrient digestion other than NDF and occasionally, protein. 
In general, increasing the levels of degradable intake protein content of feedlot cattle 
diets, as urea, has been shown to negatively affect cattle performance when it 
replaces natural sources of protein due to the highly degradative properties of urea 
as a N source (Campbell et al., 1996; Cosby et al., 1996 and Pritchard et al. 1995). 
This is contrast to reports of Koster et al., (1996) who substituted urea for SBM in 
the diets of feed lot steers and did not observe a negative effect on the digestion of 
CP or NDF when cattle were fed up to 30% of supplemental protein as urea. 
Similarly, Fluharty et al. (1994) addressed the effects of supplemental protein with 
varying degradability in 60 steers. The steers were fed for 56 days, diets that 
contained either SBM or bloodmeal as the source of protein in a 13% CP ration. The 
steers were penned individually and a digestion marker, obtained from fecal grab 
samples of each steer on days 7, 14, 21, 28, 35, 42, 48 and 56, determined 
apparent nutrient digestibility. The only observable difference was noted on day 14 
when NDF and CP digestion were higher for steers consuming SBM compared with 
bloodmeal (39.8%, 46.6%, 53.6% and 63.1 %for NDF digestion of bloodmeal and 
SBM and CP digestion of bloodmeal and SBM, respectively). 
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EFFECT OF PROCESSING ON DIGESTIBLITY OF CORN 
Nutrient digestion typically exhibits an inverse relationship with DMI. As intake 
increases, a drop in nutrient digestion is commonly observed. This is primarily a 
result of passage rate through the digestive tract. An increase in intake results in 
increased passage of digests and less retention time for maximum digestion to 
occur (Kellams and Church, 1998). This decrease in digestion poses a problem to 
cattle feeders as a decrease in feed efficiency results. Concentrates in finishing 
feed lot cattle d iets, account for 60 to 95% of the total intake. Increased feed costs 
have posed increased interest in improving feed efficiency and cost of gain by the 
potential benefits of processing grain in order to increase available nutrients 
(Kellams and Church, 1998). 
Processing corn grain by cracking or rolling in a roller mill, will decrease the 
particle size of the kernels by compressing them between two smooth or corrugated 
rollers that can be adjusted to produce smaller particles (Pond et al. 1995). This 
decrease in particle size exposes more grain surface area to rumen microbes as 
well as digestive juices, thereby increasing digestion and potentially feed efficiency 
(Pond et al., 1995; Kellams and Church, 1998 and Merchen, 1988). Another method 
for processing grain is to reconstitute it with moisture by soaking in water for 12 to 24 
hours to increase the moisture content, 25-30%, prior to feeding. This process 
causes the grain to swell, resulting in a more palatable product. Research has not 
shown improvements in cattle performance when cattle are fed diets containing corn 
processed by this method. Additionally, the high cost of reconstitution, typically limits 
its use for finishing cattle (Pond et al., 1995; Robbins and Pritchard 1994 a, b). Heat 
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is also used in processing corn to produce steam flaked corn. This process is used 
extensively in feedlots due to increased feedlot performance (Brown et al., 2000; 
Barajas et al., 1998 and Cosby et al., 1996). Steam flaking corn decreases the 
particle size and density, thereby potentially increasing the passage rate of digests 
through the rumen. Concerns with steam flaked corn are due to its highly 
fermentable nature and potential to cause a rapid increase in fermentation, thereby 
decreasing rumen pH and causing sub-acute acidosis in some cattle (Pond et al., 
1995; Ramirez et al., 1985). 
The primary goal of processing corn for feedlot diets is to increase the 
amount of available starch for utilization by the animal. Available starch is inversely 
related to grain particle size with more available starch associated with smaller grain 
particles (Owens et al., 1997; Brown et al., 2000 and Zinn, 1990). Starch is the 
primary energy component in corn for finishing cattle rations and is typically the most 
important nutrient for feedlot cattle. Determining the optimum utilization of starch in 
corn grain is an essential component of managing feedlot cattle and improving 
efficiency and performance of the cattle (Theurer, 1986}. 
EFFECT OF PROCESSING GRAIN ON INTAKE AND PERFORMANCE 
Varying results have been reported with regard to feed intake and processing 
methods. Cosby et al. (1996) reported increased intake when feedlot heifers were 
fed cracked corn versus whole corn for 194 days. Hutcheson et al. (1994) reported a 
decrease in initial 28-day intake for steers fed cracked versus whole corn; however, 
over the entire 189-day trial no differences were seen. Parsons et al. (1998a) and 
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Robbins and Pritchard (1994a,b) also reported no significant differences in intake for 
steers fed diets containing whole or dry rolled corn. 
As previously stated, steam flaking corn is commonly practiced and often 
compared with other processing methods in cattle research. Barajas et al. (1998) 
reported a 9% decrease in DMI for steers fed steam flaked corn compared with dry 
rolled corn. In support, Brown et al. (2000) reported a decrease in intake when cattle 
were fed steam flaked versus rolled corn. This is in contrast to Cooper et al. (2002a), 
who compared the effects of steam flaked and rolled corn and found no effect on 
DMI between processing methods. Additionally, Crocker et al. (1998) reported no 
difference in DMI for dairy cows fed varying ratios of steam flaked and dry rolled 
corn in 55% concentrate diets. 
Increasing the extent of processing has been addressed in recent literature 
and has led to findings of little significance for DMI (Loe et al., 2000; Kessen et al., 
1997 and Ramirez et al., 1985). Kessen et al. (1997) fed dry rolled milo in 3 dietary 
treatments, with decreasing particle size of 2008, 1371 and 1040 microns. There 
were no differences in DMI for the 73-day feeding trial befinreen treatments. Loe et 
al. (2000) compared fine and coarse rolled corn and barley and also found no 
significant difference for DMI when grain was more extensively dry rolled. 
Feeding processed grain compared with whole grain has not consistently 
shown benefits in the feedlot. Cosby et al. (1996) reported lower final weights and a 
7% decrease in ADG for heifers fed whole compared with cracked corn for 194 days. 
Ramirez et al. (1985) reported a minor numerical increase of .07 kg in ADG for cattle 
consuming diets containing steam flaked rather than whole corn. In addition, Van 
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Schaack et al. (1993) reported increased final weights for cattle consuming ground 
corn rather than whole corn. In contrast, Hutcheson et al. (1994) did not observe any 
difference in cattle ADG, feed efficiency or carcass measures when comparing diets 
containing steam flaked or whole corn. In support, Parsons et al. (1998a) found no 
increase in ADG or feed efficiency for cattle fed diets containing cracked rather than 
whole corn. 
Increasing the degree of processing by decreasing particle size may alter 
performance; however, results are conflicting. Kessen et al. (1997) addressed the 
effects of decreased particle size of milo fed to growing steers for 73 days. ADG was 
increased from 1.96 to 2.15 kg/day, and feed efficiency was improved from 7.69 to 
7.25, during the initial 28 days, for milo ground to 2008 microns and 1040 microns, 
respectively. Brown et al. (2000) reported increased ADG and improved feed 
efficiency for crossbred steers fed diets containing corn that was steam flaked to a 
bulk density of 20 pounds per bushel compared to corn steam flaked to a bulk 
density of 28 pounds per bushel. In contrast, Loe et al. (2000) and Zinn (1990) 
reported no observable differences in ADG or feed efficiency for feedlot cattle fed 
dry rolled corn or steam flaked corn as a result of decreasing particle size. 
EFFECT OF PROCESSING GRAIN ON DM AND OM DIGESTION 
Decreasing grain particle size increases the surface area available for 
microbial attachment and attack. This typically improves digestion and leads to rapid 
rumen fermentation, thus providing more energy to the animal (Heinrichs et al., 
1999). Increased processing, or decreased particle size, consistently increases DM 
and OM digestion according to recent research. When comparing dry rolled to steam 
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flaked corn, the additional processing of steam flaking appears to increase OM and 
DM digestion. Barajas et al. (1998) found a 17% increase in OM digestion with 
steam flaked over dry rolled corn, which compares with the increase in total tract OM 
and DM digestion reported by Cooper et al. (2002a) and Zinn et al. (1995) for cattle 
fed steam flaked corn compared with dry rolled. Kessen et al. (1997) reported a 
linear increase in apparent DM digestion, from 65.0% to 70.9% as milo particle size 
decreased from 2008 microns to 1040 microns due to dry rolling. Likewise, Yang et 
al. (2001) reported an increase in DM digestion for barley from 58.6 % to 63.6% 
when grain was rolled flat versus rolled coarse. Decreasing corn flake density by 
increasing the degree of steam flaking was shown to increase OM digestion in a 
linear fashion as flake density decreased from .42 kg/L to .30 kg/L during a 112-day 
feeding trial (Zinn, 1990). 
Although the predominant amount of research has supported the findings that 
increased processing improves DM and OM digestion, some studies have reported 
conflicting conclusions. One confounding study conducted by Crocker et al. (1998) 
reported no differences in OM or DM digestion for steers fed diets containing 55% 
concentrate diets consisting of 100:0; 67:33; 33:67 or 0:100 dry rolled corn and 
steam flaked corn as a ratio. Moreover, Robbins and Pritchard (1994a) found no 
differences in OM or DM digestion when cattle were fed diets containing 84.5% DM 
as whole corn, dry rolled corn or corn grain reconstituted with water prior to rolling. 
EFFECT OF PROCESSING GRAIN ON STARCH DIGESTION 
Decreasing particle size of corn grain, particularly by steam flaking, results in 
a linear increase in the availability of starch without changing the total starch content 
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of the grain (Zinn, 1990; Brown et al., 1998 and Brown et al., 2000). Optimal starch 
digestion occurs when the percentage of starch digestion in the rumen is maximized 
while the fraction digested in the small intestine is minimized (Theurer et al., 1999). 
Theurer et al. (1999) reported an increase in rumen digestion from 67% to 
82% and total tract digestion from 96.5% to 98.9% for cattle fed diets containing dry 
rolled corn and steam flaked corn, respectively. There was also a reported 12 
percentage unit decrease in the amount of starch digested in the small intestine 
when steam flaked corn was fed. This is similar to results of Barajas et al. (1998) 
who made a similar comparison between processing methods and reported rumen 
starch digestion increased 26% and total tract starch digestion increased 19%for 
diets containing steam flaked corn compared with dry rolled corn. In contrast, Joy et 
al. (1997) found no significant difference between dry rolling or steam flaking on the 
amount of digestion in the rumen; however, total tract digestion increased with 
steam flaking. Results of Cooper et al. (2002b); Galyean et al. (1981); Kessen et al. 
(1997); Ramirez et al. (1985); Young et al. (1998); Zinn (1990) and Zinn et al. (1995) 
supported the previously cited studies that concluded an inverse relationship 
between grain particle size and starch digestion in the rumen and total digestive 
tract. 
EFFECT OF PROCESSING GRAIN ON FIBER DIGESTION 
ADF and NDF digestion occur due to a microbial population that is highly 
sensitive to rumen pH. A decrease in rumen pH causes a decrease in the amount of 
cellulolytic bacteria present which results in a decrease in ADF digestion (Heinrichs 
et al., 1999 and Yokoyama et al., 1988). As particle size decreases, more rapid 
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fermentation causes a rise in the production of volatile fatty acids in the rumen. With 
decreased particle size, less time is spent ruminating by the animal, which in turn will 
cause a decrease in saliva flow decreasing the buffering action of saliva on rumen 
contents. A decrease in rumen pH is often observed due to these changes occurring 
as a result of more rapid fermentation. Thus, the rumen microbial population 
changes due to competition befinreen bacterial species and the pH of the rumen 
(Goetsch et al., 1985). Processing grain in a variety of methods appears to have 
minor effects on the digestion of both ADF and NDF fiber fractions according to 
current research. Crocker et al. (1998) did not see a difference befinreen cracked 
corn or steam flaked corn for ADF or NDF digestion when lactating Holstein cows 
were fed diets containing 27% corn grain. Likewise, when Holstein steers were fed 
75% corn as steam flaked or dry rolled, no differences were observed for ADF or 
NDF digestion. Zinn (1990) evaluated the effects of flake density on the digestion of 
steam flaked corn and reported similar ADF and NDF digestion when corn was 
steam flaked to mean densities of .42, .36 and .30 kg/Liter and fed to 427 kg 
Holstein steers. NDF digestion was also not affected by processing type during an 
80 day growing trail with 60 heifers fed silage whole or crushed prior to ensiling 
(Young et a1.,1998). In comparison, Kessen et al. (1997) reported an increase in 
NDF digestion from 53 to 58.1 % as cracked corn particle size decreased from 2000 
to 1000 microns. 
36 
EFFECT OF GRAIN PROCESSING ON NITROGEN DIGESTION AND 
METABOLISM 
As previously mentioned, a change in rumen pH will alter the rumen 
microorganism profile; however, increasing the available energy in the rumen by 
processing grains, should enhance the synthesis of bacterial protein as well as the 
efficiency of that process as long as optimal levels of nitrogen are available. 
Optimum utilization of nutrients in the rumen would occur if protein and 
carbohydrates were broken down simultaneously, yielding enough BCP substrate 
and energy to optimize synthesis and efficiency (NRC, 1996). This is seldom the 
case and enhancing the available energy in diets by processing ingredients and 
decreasing particle size may alter the protein utilization and metabolism of cattle. 
Cooper et al. (2002a) reported similar N metabolism between steers fed diets 
containing 82%dry rolled or steam flaked corn. Bacterial N efficiency, expressed as 
g of N/kg of OM degraded in the rumen, remained similar between treatments, as 
did N and BCP flow to the duodenum. These findings suggest that the degradable 
protein requirements of cattle consuming various highly degradable, fermentable 
grain sources were similar. In comparing the effects of diets containing 67% whole 
corn or steam flaked corn, Ramirez et al. (1985), observed similar CP digestibility, 
regardless of corn processing method. Additionally, urinary N, fecal N, and N 
retention were also similar, indicating the steers utilized the protein from the corn in 
a similar fashion. In general, nitrogen metabolism does not appear to be altered by a 
decrease in particle size associated with grain processing methods according to 
research conducted by Robbins and Pritchard (1994a); Young et al. (1998) and Zinn 
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(1990). Contrary results, reported improved N utilization in Holstein steers when fed 
diets containing 75% steam flaked corn compared to dry rolled corn. Rumen 
digestion of dietary N throughout this study did not change; however, post ruminal 
digestion of dietary N increased significantly from 85.6 to 93.3% for dry rolled and 
steam flaked corn, respectively. Likewise, total tract digestion of N was significantly 
increased from 68 to 72.9% as fecal N excretion decreased from 27.6 to 23.4 g/day 
for dry rolled and steam flaked .corn, respectively (Zinn et al., 1995). 
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CHAPTER 3 -MATERIALS AND METHODS 
EXPERIMENTAL DESIGN 
The experiment was designed as a 10 x 10 Latin square blocked on steer and 
collection period. Periods consisted of 9 days for diet acclimation followed by 5 days 
for sample collection. The treatment structure consisted of a 2 x 5 factorial 
arrangement with method of corn processing having two levels (whole or dry rolled) 
and corn type having five varieties consisting of normal corn (NC), white corn (WC), 
high-oil corn (HOC), high-protein corn (HPC) and high-oil-high-protein corn 
(HOHPC). HOC was a sterile version of the NC pollinated with ahigh-oil pollinator. 
As well, HOHPC was a sterile version of HPC also pollinated with ahigh-oil 
pollinator. Interactions of corn types with processing method were also considered. 
ANIMALS 
Ten crossbred beef steers with an average age of eight months and an 
average beginning weight of 345 kg were used in the experiment. The steers were 
obtained from the Iowa State University Teaching Farm, had known birth-dates, 
similar breed genetics, were vaccinated for common bovine respiratory infections, 
treated for parasites and implanted with Ralgro° . Prior to the initiation of the trial, 
the steers were housed at the Iowa State Beef Nutrition Research Farm and treated 
with the recommended dosage of Ivermectin in order to control internal and external 
parasite infestation. The steers were weighed individually, transported to the ISU 
metabolism facility and randomly assigned to an individual metabolism crate within 
a metabolism room. Each crate had an automatic water system that supplied 
constant fresh drinking water and rubber mat flooring. The crates were adjusted for 
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each animal in order to allow ease of lying and standing but prohibit the animals 
from turning around. The room was maintained at an average temperature of 
17.8°C and remained on a light and dark cycle with artificial lighting maintained 
during the hours of 7:00 AM through 10:00 PM. 
For the initial 10 days- in the metabolism facility, the steers were allowed to 
acclimate to the environment and were fed a whole corn based ration similar in 
composition to the treatment rations. 
The steers were randomly placed in a 10x10 Latin square design, consisting 
of ten, 14-day periods, with the initial 9 days for diet acclimation followed by 5 days 
of diet sampling and total collection of urine and feces. 
ANIMAL MANAGEMENT 
Steers were monitored for any signs of illness or discomfort and feeders and 
automatic water bowls were cleaned daily. On day 9 of each period, the steers were 
removed from their crates and allowed to exercise in a pen within the metabolism 
room from 7:00 AM until 10:30 AM. During this time, each crate was extensively 
cleaned with a power washer to remove all traces of fecal material. Synthetic 
indoor/outdoor turf grass material was placed over the urine grate to prevent feces 
from contaminating urine collection. This material was replaced every other period. 
The steers were individually weighed prior to return to the metabolism crates and 
then secured in head gates to maintain position for urine and fecal collection. 
DIETS 
The ten treatments compared in this study were five types of corn grain, NC, 
WC, HOC, HPC and HOHPC, fed whole or dry rolled. The diets were NC-whole, NC-
40 
dry rolled, WC- whole, WC-dry rolled, HOC-whole, HOC-dry rolled, HPC-whole, 
HPC- dry rolled, HOHPC-whole and HOHPC-dry rolled. Corn was supplied from 
Wilson Genetics, L.L.C., Harlan, Iowa and the types were Wilson1664, 
Wilson6607ED, Wilson 1785, WilsonEDX85 and Wilson 1851 W for NC, HOC, HPC, 
HOHPC and WC, respectively. Nutrient content for the five corn types is listed in 
table 3.1. 
The whole and rolled corn diets for each corn, contained equal concentrations 
of each ingredient and are listed in Table 3.2. The diets were formulated to be 
isonitrogenous at 13% CP and isocaloric for net energy of gain (NEg) at 64 
megacalories per hundred weight (Mcal/cwt) using the Iowa State University 
Extension MCS-7 software program. The ten diets contained the same concentration 
of ground alfalfa hay, molasses, urea and supplement; however, the amounts of 
corn gluten meal and soybean meal varied in order to maintain the formulated CP 
concentration at 13%. 
Dry corn grain was processed at the Iowa State Beef Nutrition Research 
Farm through a dry roller mill until visual appraisal of the corn kernels indicated that 
a majority of the kernels sustained damage and were considered cracked. Alfalfa 
hay was ground through a 2-inch screen. Total mixed diets were prepared at the 
research farm and transported to the metabolism facility. The diets were mixed in 
two batches, the first for the first five periods and the second for the remaining five 
periods. 
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Table 3.1 Nutrient composition of corn varieties. 
Composition NC WC HOC HPC HOHPC 
(% of Dry Matter) 
Dry matter 94.02 94.10 94.22 94.72 94.57 
Organic matter 98.65 98.76 98.52 98.67 98.39 
Ether extract 3.73 3.99 7.05 4.25 7.45 
Protein 9.50 9.84 9.74 9.98 11.68 
Starch 74.94 70.64 67.05 71.65 74.43 
NDF 7.05 8.90 6.87 7.74 8.79 
ADF .45 .95 .29 .70 .72 
SAMPLING AND COLLECTION PROCEDURES 
Diets were fed twice daily at 7:30 AM and 5:00 PM. Orts were collected at 
each feeding, weighed and placed in a 55°Coven for determination of dry matter. 
Orts for each steer were pooled at the end of each period. Samples of each feed 
ingredient were obtained at the time the batches were mixed and were analyzed for 
dry matter and nutrient content. One-half kilogram samples of each diet were 
obtained at each feeding during days 8 through 13 of each period. These daily sub-
samples were pooled at the end of each period and 50 g samples were dried in 
triplicate for determination of dry matter. 
Collection of daily urine and fecal excretion began at noon every day during 
days 10-14. Nineteen liter plastic buckets were used to collect urine from each steer. 
Buckets were placed approximately one meter below the crates and were attached 
to the urine collection pans with 2.5 centimeter tubing and sealed with plastic lids. 
Sulfuric acid (50%, v/v) was placed in the collection buckets to maintain urine pH at 
or below 4 to prevent ammonia loss. Initially, 1 ml of 50% sulfuric acid was added for 
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every 100 ml of urine output; however, pH was monitored on a daily basis and 
adjusted for individual animals as necessary. After measuring and recording the 
volume of urine, 10% sub-samples were taken daily and placed in one liter bottles 
and refrigerated until the end of the collection period. At the end of each period, the 
daily sub-samples for each steer were pooled and duplicate samples were placed in 
50 ml plastic bottles, labeled and immediately frozen in a -20°C freezer until analysis 
for nitrogen. 
Daily fecal excretions were weighed and 5% sub-samples were placed in 
plastic bags and sprinkled with Thymol (Fischer Scientific), to prevent mold growth. 
The bags were sealed and refrigerated until the end of the collection period at which 
time the sub-samples for each steer were pooled and 100 g samples were weighed, 
in triplicate, for dry matter determination. 
LABORATORY ANALYSES 
Dry matter of feeds, ingredients, orts and feces was determined by placing 
triplicate 50 g samples in a 55°C forced air oven for 72 hours. After drying, samples 
were pooled and ground through a 1-mm screen. Organic matter of feeds, 
ingredients, orts and fecal samples was measured according to AOAC, (1990) by 
combustion at 600° C for 2 hours in a muffle furnace. Starch content of feed 
ingredients, orts and feces was analyzed by incubating 1 g samples in a 55° C, 
acidic solution containing glucoamylase. After the incubation, glucose in the digest 
was reacted with chromagen, in triplicate, to produce a color change, which was 
read in a spectrophotometer at a wavelength of 540 nanometers against a reagent 
blank. Starch content was calculated with a standard correction factor for the loss of 
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Table 3.2 Diet composition. 
Ingredient (% of DM) NC WC HOC HPC HOHPC 
Corn 79.85 80.66 80.67 80.83 83.83 
Alfalfa hay 11.00 11.00 11.00 11.00 11.00 
CGM 2.21 1.39 1.38 1.23 1.13 
SBM 3.00 3.00 3.00 3.00 0.00 
Molasses 2.00 2.00 2.00 2.00 2.00 
Limestone 1.00 1.00 1.00 1.00 1.00 
Urea .50 .50 .50 .50 .50 
Elemental sulfur .03 .03 .03 .03 .03 
Trace minerals .024 .024 .024 .024 .024 
Vitamin A premixa .08 .08 .08 .08 .08 
Sodium chloride .30 .30 .30 .30 .30 
Rumensin premixb .02 .02 .02 .02 .02 
a Provided 3,080 IU/Kg DM. 
b Provided 34.3 mg/Kg DM. 
water during hydrolysis (Cerrillo Soto, 1998). Fiber was determined in feed 
ingredients, orts and feces by the sequential procedure of Van Soest and Robertson 
(1979) for NDF and ADF, adapted for use in the Ankom Fiber Analyzer (Ankom, 
1998). Lipid concentration (EE) of feed ingredients, orts and feces, was determined 
by extraction of 2 g. samples contained in porous, 22x80 mm., cellulose thimbles, 
using hexane as the extraction reagent (AOAC, 1990). Nitrogen (N) concentration of 
feed ingredients, orts, feces and urine was measured by the Kjeldahl method 
(AOAC, 1990), using selenium as a catalyst. 
Total nutrient intake was calculated based on the concentration of nutrients in 
the individual ingredients of each diet and total feed intake. 
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STATISTICAL ANALYSES 
Analysis of variance (SAS, 1990) was used to analyze data as a 10 x 10 Latin 
square with random block effects consisting of period and steer and treatment 
effects of corn type and processing method. Comparisons befinreen treatment means 
utilized t-tests and p-values for multiple comparisons were adjusted with Holm's 
step-down method to decrease the probability of Type I errors (Holm, 1979). Data 
were considered statistically significant at P<.05, while a trend was indicated at 
P<.10. P-values greater than .10 were considered not significant (NS). 
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CHAPTER 4 -RESULTS 
Multiple comparisons of dry matter intakes, nutrient digestion and nitrogen 
metabolism between all five corn types are listed in table 4.1. The effects of corn 
processing and observed interactions befinreen corn processing and corn type are 
listed in table 4.2. Comparisons between dry matter intakes, nutrient digestion and 
nitrogen metabolism were also measured for all corn types against normal corn and 
results are listed separately in tables 4.3-4.6. 
Although the diets were formulated to be isonitrogenous at 13% CP, the 
actual CP content was much higher for NC, WC, HOC and HPC at levels of 14.6%, 
14.6%, 14.9% and 14.6%, respectively. Diets containing HOHPC had actual CP 
concentrations of 13.5%, which was closer to the target CP concentration of 13%. 
Actual CP values of the corn grains were used to design the rations; however, NRC 
table values were used to estimate the CP content of SBM and CGM. The actual CP 
content of SBM and CGM was higher than estimated; therefore, the diets contained 
more CP than expected. 
DMI befinreen treatments ranged from 6.80 kg/d to 7.52 kg/d and was not 
affected by corn type or corn processing (Table 4.1 and 4.2). Apparent DM 
digestibility significantly increased with dry rolling the corn grain, from an average of 
77.5% to 79.5% for whole and dry rolled corn diets, respectively (Table 4.2). A slight 
numerical reduction in DM digestion was observed for diets containing dry rolled 
HOHPC, 78.6% for whole corn diets to 78.4% for dry rolled corn diets; however, no 
corn type by processing interaction was detected for this observation (Table 4.6). No 
differences were observed for corn type on DM digestion; however, numerically DM 
46 
digestibility was highest for the HPC diet at 79.5% and lowest for HOC at 77.3% 
(Table 4.1). Intermediate in digestion were, WC (78.8%), HPHOC (78.5%) and NC 
(78.4%). No other differences were observed for DM digestion befinreen treatments. 
Table 4.1 The effects of corn type on DMI, nutrient digestion and nitrogen 
metabolism in steers. 
NC HOC WC HPC HOHPC SEM 
DMI (Kg/d) 7.18 7.30 6.98 7.23 7.00 .196 
DM Digestion (%) 78.4 77.3 78.8 79.5 78.5 1.06 
OM DI estlOn % 80.0 a'b 79.9 a'b 80.7 a'b 81.5a 78.7b 1.04 g ( ) 
Starch Di estion (%) 89.4a 90 2 a'b 90 3 a'b 91 8 a'b 93.Ob 1.21 g 
Protein Di estion (%) 76.8a 75 7 a'b 76 4 a'b'' 76 3 a'b'~ 74 1 b'2 .927 g 
Fat Di estion % 74.5a 78.0 a'b 76.4 a'b 77.2 a'b 79.4b 1.86 9 ( ) 
ADF Digestion (%) 55.8 54.1 58.2 55.0 53.3 2.11 
NDF Digestion (%) 56.5a 59.3 a'b 63.4b 60.3 a'b 56.9a 1.84 
N intake /d) 169.98a,c,d 175.65a'~ 164.05a'd 169.64a,c,d 152.93b 4.35 (g 
Feca I N (g/d) 38.37 41.89 37.93 39.47 38.80 1.90 
Urine N /d) 47.93a 50.88 a'b 47.40a 49.45a 57.80b 3.15 (g 
Retained N ( /d) 82.45a 81.64a 77.48a 79.48a 55.09b 4.21 g 
N balance (% of intake) 48.34a 46.51 a 46.62a 47.04a 36.17b 2.25 
~a,°~ ~ ~,a~ Means with different sets of alphabetical superscripts within rows, differ (P<.05). 
''2 Means with different numerical superscripts demonstrate a trend, (P<.1). 
Apparent OM digestion followed a similar pattern as DM digestion. Dry rolling 
the corn resulted in significant improvements in OM digestion (Table 4.2). There was 
no corn type by processing interaction over the entire data set; however, a slight 
numerical decrease in OM digestion from 78.6 to 78.4% was observed for diets 
containing HOHPC (Table 4.6). Comparisons between corn types (Table 4.1) 
indicated that OM digestion was significantly lower for diets containing HOHPC 
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(78.7%)compared with HPC (81.5%). No other differences between corn types for 
OM digestion were observed. 
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Apparent starch digestion was significantly affected by dry rolling (P<.0001) 
as well as corn type. The starch in the whole corn diets was found to be 88.6% 
digested compared with an average of 93.3% digested when the corn was dry rolled 
(Table 4.2). Multiple comparisons between types, indicated a significant difference 
(P=.0155) for NC compared with HOHPC, as a result of HOHPC diets having a 3.6 
percentage unit increase in starch digestion compared with NC (Table 4.1). 
Additionally, there was a trend (P=.0733) for an interaction occurring between 
processing method and corn type; indicating, improvement in starch digestion as a 
result of dry rolling (Figure 4.1). Numerically, the largest difference between whole 
and dry rolled corn diets was observed for NC with starch digestion of 85.5% and 
93.4%, respectively. WC containing diets were second with starch digestion at 
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Table 4.2 The effects of dry rolling corn and corn type interaction on DMI, 
nutrient digestion and nitrogen metabolism in steers. 
Whole Dry rolled Processing *type Effect of dry rolling 
interaction (P value) 
DM Intake (kg/d) 7.16 7.11 NS NS 
DM Digest. (%) 77.5 79.5 NS .0038 
OM Digest. (%) 79.2 81.1 NS .0048 
Starch Digest (%) 88.6 93.3 .0733* <.0001 
Protein Digest (%) 75.4 76.3 NS NS 
Fat Digest (%) 74.4 79.8 NS <.0001 
ADF Digest (%) 56.1 54.5 NS NS 
NDF Digest (%) 60.5 58.1 NS .0439 
N intake (g/d) 167.78 165.12 NS NS 
Fecal N (g/d) 40.13 38.45 NS NS 
Urine N (g/d) 50.45 50.94 NS NS 
Retained N (g/d) 75.96 74.50 NS NS 
N balance (% of intake) 45.10 44.77 NS NS 
Significance determined at P<.05 
NS =not significant 
* Trend for an interaction between dry rolling and corn type. 
87.1 %for whole corn and 93.6% digested for diets containing dry rolled corn. Diets 
containing HOC whole and dry rolled had starch digestion coefficients of 88.1 %and 
92.3%, respectively. Starch in diets containing HPC whole, was 90.0% digested and 
starch in diets containing dry rolled HPC was 93.6% digested. Starch digestion of 
diets containing HOHPC was not significantly different between whole corn and dry 
rolled corn and was 92.3 and 93.7%, respectively (Table 4.6). 
The apparent digestion of CP was affected by the type of corn (Table 4.1); 
although, processing the corn did not change the digestion of protein between 
treatment diets containing either whole corn or dry rolled corn (Table 4.2). Normal 
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corn had the highest percentage of protein digested (76.8%) followed by WC 
(76.4%), HPC (76.3%), HOC (75.7%) and HOHPC (74.1 %). The difference befinreen 
protein digestion of NC and HPHPC, was significantly different (P=.018). Although 
the values failed to reach significance, there was a trend for WC and HPC diets to 
have higher CP digestion coefficients compared to HOHPC (P=.09). 
Table 4.3 Comparison of normal with high-oil corn and processing method on 
DMI, nutrient digestion and nitrogen metabolism in steers. 
NC NC dry HOC HOC dry **P value P value 
whole rolled whole rolled processing type 
DM Intake (g/d) 7.01 7.35 7.52 7.08 NS NS 
DM Digest. (%) 76.4 80.3 75.7 78.8 .0038 NS 
OM Digest.(%) 78.2 81.9 78.5 81.3 .0048 NS 
Starch Digest. (°/a) 85.5 93.4 88.1 92.3 <.0001 NS 
Protein Digest. (%) 75.6 77.9 74.9 76.6 NS NS 
Fat Digest. (%) 70.5 78.6 74.0 82.1 <.0001 NS 
ADF Digest. (%) 56.2 55.5 52.3 55.9 NS NS 
NDF Digest. (%) 58.0 54.9 57.7 60.9 .0439 NS 
N intake (g/d) 166.96 173.01 181.33 169.98 NS NS 
Fecal N (g/d) 39.26 37.48 44.69 39.09 N S N S 
Urine N (g/d) 45.82 50.04 49.27 52.49 N S N S 
Retained N (g/d) 80.64 84.26 86.12 77.16 NS NS 
N balance (% of 48.21 48.48 47.66 45.36 NS NS 
intake) 
Significance determined at P<.05. 
NS =not significant. 
** COlumn indicates overall effects of dry rolling only, not dry rolling within type. 
The apparent digestion of fat was significantly increased for all five corn types 
when diets contained corn grain that was dry rolled (P<.0001). On average, fat in 
whole corn diets was 74.4% digested compared with 79.8% when the corn was dry 
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Table 4.4 Comparison of normal with white corn and processing method on 
DMI, nutrient digestion and nitrogen metabolism in steers. 
NC NC dry WC WC dry **P value P value 
whole rolled whole rolled processing type 
DM Intake (g/d) 7.01 7.35 6.80 7.16 NS NS 
DM Digest. (%) 76.4 80.3 77.6 80.0 .0038 NS 
OM Digest.(%) 78.2 81.9 79.6 81.9 .0048 NS 
Starch Digest. (%) 85.5 93.4 87.1 93.6 <.0001 NS 
Protein Digest. (%) 75.6 77.9 75.8 77.0 NS NS 
Fat Digest. (%) 70.5 78.6 73.3 79.5 <.0001 NS 
ADF Digest. (%) 56.2 55.5 60.7 55.7 NS NS 
NDF Digest. (%) 58.0 54.9 66.1 60.8 .0439 .0012 
N intake (g/d) 166.96 173.01 160.7 167.4 NS NS 
Fecal N (g/d) 39.26 37.48 37.8 38.1 NS NS 
Urine N (g/d) 45.82 50.04 44.2 50.6 NS NS 
Retained N (g/d) 80.64 84.26 77.5 77.5 NS NS 
N balance (% of 48.21 48.48 46.73 46.50 NS NS 
intake) 
Significance determined at P<.05. 
NS =not significant. 
** Column indicates overall effects of dry rolling only, not dry rolling within type. 
rolled (Table 4.2). No differences in fat digestion were observed (Table 4.1) when 
comparisons were made between diets containing NC (74.5%), HOC (78.0%), WC 
(76.4%) and HPC (77.2%). However, fat digestion was significantly different (Table 
4.1) between NC diets and HOHPC diets with effects of processing shown in Table 
4.6. 
Fiber digestion was based on apparent digestion of ADF and NDF. Values for 
the digestion of ADF were not altered by processing method (Table 4.2) or by corn 
type (Table 4.1 }. ADF digestion for NC, WC, HOC, HPC, and HOHPC were 55.8%, 
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58.2%, 54.1 %, 55.0% and 53.3%, respectively. Although not significant, the 
digestion of ADF was numerically highest for WC (Table 4.1) and particularly for the 
whole WC diet that was 60.7% digested compared with the dry rolled WC diet that 
decreased in digestibility to 55.7% (Table 4.4). Over all of the corn types, apparent 
NDF digestion significantly decreased when corn was dry rolled (Table 4.2) from an 
average of 60.5% to 58.1 %. No processing by corn type interaction was detected 
for NDF digestion; although, processing resulted in a numerical increase in NDF 
digestion for HOC diets. Processing HOC, increased digestion of NDF from 57.7% to 
60.9% (Table 4.3). Numerically, the largest difference between whole and dry rolled 
corn diets occurred for WC. Processing WC resulted in a 5.3 percentage unit 
decrease in NDF digestion from 66.1 % to 60.8% (Table 4.4). Due to the high value 
of NDF digestion for WC diets, significant differences were observed for 
comparisons between WC and NC as well as WC and HOHPC (Table 4.1). NC and 
HOHPC diets had NDF digestion coefficients of 56.5% and 56.9%, which were 
significantly lower than the NDF digestion of WC diets that averaged 63.4%. No 
differences for NDF digestion were observed between diets containing WC, HOC or 
HPC. 
Nitrogen intake (g/d) was different for corn type (Table 4.1) but was similar 
between corn processing methods (Table 4.2). Although no processing by corn type 
interaction was detected, dry rolling resulted in numerical increases in nitrogen 
intake for NC and WC but caused an average decrease of 11.35, 7.96 and 6.70 g/d 
for HOC, HPC and HOHPC, respectively. No differences were observed between 
the nitrogen intake of diets containing NC, HOC, and HPC (169.98, 175.65, and 
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169.64 g/d, respectively). Nitrogen intake of 152.93 g/d for diets containing HOHPC 
was significantly the lowest of all 5 corn types (Table 4.1). Additionally, a significant 
difference (P=.04) was observed between HOC (175.65 g/d) and WC (164.05 g/d). 
Table 4.5 Comparison of normal with high-protein corn and processing 
method on DMI, nutrient digestion and nitrogen metabolism in steers. 
NC NC dry HPC HPC dry **P value P value 
whole rolled whole rolled processing type 
DM Intake (g/d) 7.01 7.35 7.43 7.04 NS NS 
DM Digest. (%) 76.4 80.3 79.1 80.0 .0038 NS 
OM Digest.(%) 78.2 81.9 81.1 82.0 .0048 NS 
Starch Digest. (%) 85.5 93.4 90.0 93.6 <.0001 NS 
Protein Digest. (%) 75.6 77.9 76.6 76.1 NS NS 
Fat Digest. (%) 70.5 78.6 76.8 77.5 <.0001 NS 
ADF Digest. (%) 56.2 55.5 55.7 54.3 NS NS 
NDF Digest. (%) 58.0 54.9 62.0 58.6 .0439 NS 
N intake (g/d) 166.96 173.01 173.62 165.66 NS NS 
Fecal N (g/d) 39.26 37.48 40.11 38.82 N S N S 
Urine N (g/d) 45.82 50.04 54.01 44.89 N S N S 
Retained N (g/d) 80.64 84.26 78.26 80.71 NS NS 
N balance (% of 48.21 48.48 45.43 48.66 NS NS 
intake) 
Significance determined at P<.05. 
NS =not significant. 
**Column indicates overall effects of dry rolling only, not dry rolling within type. 
Fecal nitrogen was not significantly affected by dry rolling corn grain or corn 
type (Table 4.1 and 4.2). Dry rolling corn, numerically decreased the nitrogen 
content of feces from diets containing NC, HOC, HPC and HOHPC; however, fecal 
nitrogen slightly increased from 37.8 to 38.1 g/d for WC when dry rolled (Table 4.4). 
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Table 4.6 Comparison of normal with high-oil-high-protein and processing 
method on DM1, nutrient digestion and nitrogen metabolism in steers. 
NC NC dry HOHPC HOHPC **P value P value 
whole rolled whole dry rolled processing type 
DM Intake (g/d) 7.01 7.35 7.07 6.93 NS NS 
DM Digest. (%) 76.4 80.3 78.6 78.4 .0038 NS 
OM Digest.(%) 78.2 81.9 78.8 78.6 .0048 NS 
Starch Digest. (%) 85.5 93.4 92.3 93.7 NS .0155 
Protein Digest. (%) 75.6 77.9 74.2 73.9 NS .0177 
Fat Digest. (%) 70.5 78.6 77.3 81.5 <.0001 .0375 
ADF Digest. (%) 56.2 55.5 55.6 51.0 NS NS 
NDF Digest. (%) 58.0 54.9 58.6 55.3 .0439 .0020 
N intake (g/d) 166.96 173.01 156.28 149.58 NS .0008 
Fecal N (g/d) 39.26 37.48 38.84 38.77 NS NS 
Urine N (g/d) 45.82 50.04 58.89 56.71 N S .0090 
Retained N (g/d) 80.64 84.26 57.32 52.86 NS <.0001 
N balance (% of 48.21 48.48 37.50 34.84 NS <.0001 
intake) 
Significance determined at P<.05. 
NS =not significant. 
**COlumn indicates overall effects of dry rolling only, not dry rolling within type except for starch 
digestion as a result of the indicated interaction of processing and corn type. 
Urine nitrogen was not affected by processing the corn and no processing by 
corn type interaction was observed (Table 4.2). Urine N excretion was numerically 
increased, by dry rolling the corn, in diets containing NC, WC and HOC by 4.2, 6.4 
and 3.2 g/d, respectively. Although not significant, steers consuming diets 
containing higher corn protein, HPC and HOHPC, had decreased urine N excretion 
of 9.12 and 2.18 g/d, respectively, when the corn was dry roiled (Table 4.5 and 4.6). 
Urine N excretion was 50.88, 47.93, 47.40, and 49.45 g/d for HOC, NC, WC and 
HPC diets, respectively. These were not different from one another; although, urine 
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N excretion of steers consuming HOHPC was significantly higher (57.80 g/d) 
compared with urine N excretion of steers consuming diets containing NC, WC and 
HPC (Table 4.1). 
Nitrogen retention was not affected by dry rolling the corn (Table 4.2). The 
amount of retained N was not different when NC, HOC, WC and HPC were fed, 
being 82.45, 81.64, 77.48 and 79.48 (g/d), respectively. In comparison, N retention 
when HOHPC was fed (55.09 g/d) was significantly lower than the above four 
values for the other corn. types (Table 4.1). The reduction in N retention associated 
with HOHPC, resulted in significantly poorer N balance as a percent of N intake 
(Table 4.1) compared with the other four corn types among which there were no 
differences in nitrogen balance. 
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CHAPTER 5 -DISCUSSION AND CONCLUSIONS 
EFFECTS OF CORN TYPE 
A considerable amount of research has been analyzed addressing the effects 
of supplemental dietary fat and protein in the diets of feedlot cattle. Additionally, 
research has been conducted to determine the effects of decreasing particle size of 
corn grain with respect to cattle performance and nutrient digestion. Although these 
areas have been addressed, little research has been conducted to determine the 
effects of supplementing nutrients to cattle by the inclusion of specialty corn hybrids 
containing enhanced amounts of particular nutrients such as oil, protein or a 
combination of oil and protein. The feeding value of other specialty corn types, 
including white corn, has also lacked supportive documentation. A 10 x 10 Latin 
square design was utilized to determine differences in DMI, nutrient digestion as well 
as nitrogen metabolism in growing beef steers fed diets containing predominantly 
whole ordry-rolled NC, HOC, WC, HPC and HOHPC. 
In the current study, DMI was not affected by corn variety. Previous studies 
with high protein corn or high lysine corn have indicated similar intake in cattle when 
compared with normal corn. Dado (1999) reported no differences in DMI for dairy 
cows fed diets containing high-lysine corn grain and silage in 5 separate studies 
when compared with conventional corn varieties. Ladely et al. (1995) observed a 
trend for decreased intake of feedlot steers consuming high lysine corn compared 
with normal corn; however this trend was not significant (P=.11). Inclusion of HOC 
has been reported to increase DMI of dairy cows compared with normal corn (Dado, 
1999). In this report, cows were fed high forage diets containing corn silage as 
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compared to the current study in which steers were fed diets containing 87% 
concentrate. Belknap (1999) reported similar DMI for feedlot steers fed NC, HOC 
(isogenetic to normal corn) or NC with added tallow during a 107-day feeding trial. 
Likewise, Trenkle (2000a) reported similar DMI befinreen finishing steers fed the 
same corn types as in the current study with the exception of white corn. In contrast 
to findings of the current study, feedlot steers fed white corn consumed more feed 
compared with those fed yellow corn, 8.05 kg/d to 8.32 kg/d for yellow and white 
corn, respectively (Warrick and Trenkle, 2002). 
DM digestibility was highest for HPC (79.5%), followed by WC (78.8%), 
HOHPC (78.5%), NC (78.4%) and HOC (77.3%). Although these values were not 
statistically significant, the corns containing higher protein, exhibited higher degrees 
of DM digestion. It has been recently reported that HOC and normal corn have 
similar DM digestion (Elliott et al., 1991; Jarosz et al., 1999; Elliott et al., 1993). 
Observations have also shown significant decreases in DM digestion when HOC 
was fed to cattle (Belknap, 1999; Atwell et al. 1988). In contrast, Andrae et al. (1999 
and 2000) reported increased DM digestion when feedlot steers were fed diets 
containing dry rolled HOC compared with dry rolled typical corn. The corn in the 
above mentioned study was not isogenetic to the normal corn while HOC and NC in 
the present study were isogenetic. 
Digestion of OM was significantly lower for HOHPC (78.7%) when compared 
with HPC (81.5%). The other three corn types did not differ in OM digestion. This 
difference may be a result of the decreases in the observed digestion of protein, 
NDF, and ADF of HOHPC when compared with HPC. HOHPC is a sterile version of 
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HPC, pollinated with a high oil pollinator; therefore, the addition of oil to this variety 
may be the reason for the depression in the observed OM digestion. The addition of 
oil to ruminant diets may decrease digestion due to an inhibition of bacterial 
attachment to fat coated feed particles (Miron et al. 2000). 
Starch digestion was significantly lower for NC (89.4%) compared to HOHPC 
(93.0%). These values did not differ among the other three corn types that ranged 
from 90.2% to 90.3% and 91.8% for HOC, WC and HPC, respectively. In support of 
these observations, Belknap (1999) and Jarosz et al. (1999) reported similar starch 
digestion in feedlot cattle fed HOC or typical corn. In contrast, Andrae et al. (2000) 
reported increased starch digestion for cattle fed dry rolled HOC compared with NC; 
however, these two corn types were not isogenetic. The increased digestion resulted 
in an increase in digestible energy available to the cattle. Additionally, Ladely et al. 
(1995) reported increased starch digestion for cattle fed high protein corn compared 
with normal corn. Starch is composed of amylose and amylopectin in various ratios 
between grain species. Within a grain species, starches may vary considerably in 
their amounts of amylose and amylopectin. In solution, amylose is susceptible to 
retrogradation, which causes an attraction between the linear chains, resulting in 
resistance to enzymatic degradation (Fahey, Jr. and Berger, 1988). Although NC 
and HOHPC had similar starch content, 74.9% and 74.4%; respectively, the 
increase in starch digestion- for HOHPC may be attributed to an altered amylose to 
amylopection ratio compared with NC, resulting in more enzymatically available 
starch for HOHPC. Another explanation of the increase in starch digestion for 
HOHPC may be a result of the physical softness of the kernel. Wilson et al. (2002a, 
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b) demonstrated that HOC had a softer kernel than NC and therefore had more 
available nutrients after disrupting the protein matrix by processing. Similar kernel 
softness was noted for high protein varieties of corn (Nasal, 1994). This increase in 
kernel softness for these finro corn types may indicate a potential to increase 
available starch when the genotypes are combined in HOHPC, thereby enhancing 
microbe attachment and starch digestion. 
Fat digestion followed a similar pattern as starch digestion with significant 
differences occurring between NC and HOHPC that exhibited the lowest (74.5%) 
and highest (79.4%) degree of fat digestion between corn types. Although fat 
digestion was not different for HOC diets, numerically the two diets containing higher 
oil corn types supported the highest percent of fat digested. This observation is 
supported by research conducted by White et al. (1992); Jones et al. (1993) and 
Palmquist and Conrad (1978) who all observed increased apparent digestion of 
dietary fat when diets were supplemented with additional lipids. In contrast, similar 
fat digestion was reported for diets containing HOC compared with typical corn by 
Belknap (1999); Jarosz et al. (1999); Atwell et al. (1988) and Elliott et al. (1993). 
An explanation for the increase in fat digestion may be due to an increase in 
the digestion of corn oil compared with the ether extract content of the remaining 
diet. Altering the saturated to unsaturated fatty acid ratio may change the digestion 
of lipids in ruminant diets due to microbial processes in the rumen (Byers and 
Schelling, 1988). Ingested lipids from oilseeds, in the form of triglycerides, are 
rapidly hydrolyzed to free fatty acids and glycerol. Rumen microbes dispose of 
hydrogen from the reducing environment of the rumen by the process of 
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biohydrogenation in which unsaturated fatty acids become more saturated. Fats 
enter the small intestine for absorption as highly saturated, non-Tonically bound 
complexes with particulate matter such as mineral soap complexes with cations. In 
the small intestine, the insoluble fatty acid soaps are protonated and become soluble 
making them more available for absorption. Typically, because of this process, 
unsaturated fatty acids are generally more digested compared with more saturated 
fatty acids. 
Fiber digestion was expected to decrease with the addition of added fat due 
to the inhibition of microbial attachment to feed particles. Several mechanisms have 
been noted for the decrease in fiber digestion with the addition of dietary lipid. A 
physical coating of the fiber particles by oil will limit the attachment of fiber digesting 
bacteria. Additionally, some oils have toxic effects on microorganisms inhabiting the 
rumen and the formation of cation soaps with fatty acids will limit the availability of 
cations for microbial use as well as alter the pH of the rumen (Byers and Schelling, 
1988 and Miron et al., 2000). In the current study, no differences were observed in 
the digestion of ADF when additional oil was supplied by the two high oil hybrids. All 
of the corn types exhibited similar digestibility of ADF. This is similar to findings of 
Plascenia et al. (1999) and Zinn and Plascenia (1996) who reported similar digestion 
of ADF when cattle diets were supplemented with additional fat. Palmquist and 
Conrad (1978) reported that the addition of supplemental fat to diets of dairy cows 
up to 6% of DM did not adversely affect the digestion of cellulose. Differences in diet 
digestion did occur for the NDF fraction of fiber in the present study. The lowest NDF 
digestion occurred for NC (56.5%) followed by HOHPC (56.9%) and HOC (59.3%). 
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There is no apparent explanation for the low digestibility of the NDF fraction for NC. 
The additional fat in HOC and HOHPC probably inhibited the attachment of 
microbes for fermentation and therefore caused the depression in NDF digestibility. 
Additionally, as previously described, the additional oil may have had toxic effects on 
some microbes, thereby limiting fermentation. The diets containing WC had the 
highest degree of NDF degradation (63.4%). Significantly, this value was higher than 
both NC and HOHPC. According to the chemical analysis of these five corn types, 
WC had the highest amount of NDF (Table 3.1) compared with the other types of 
corn. The ADF fraction was similar between corn types, indicating more 
hemicellulose in the WC. Nocek and Russell, (1988) reported that an increase in the 
supply of fermentable carbohydrates should allow more efficient capture of ammonia 
nitrogen for microbial synthesis and more efficient microbial fermentation as long as 
pH was not depressed. One other explanation may be an increase in rumination 
time associated with WC. According to Wilson et al. (2002a), WC has a significantly 
harder seed coat and requires more force to crush when compared with 
conventional yellow corn and HOC types. Coarse or hard feedstuffs may increase 
the duration of rumination due to tactile stimulation of ruminal and reticular 
epithelium (Pond et al. 1995 and Ruckebusch, 1988). 
Protein digestion was similar for diets containing NC, WC, HPC and HOC. A 
similar digestion of N was observed in cattle fed typical corn and high lysine corn as 
reported by Ladely et al. (1995). Several studies have reported similar N digestion 
with regard to HOC or the addition of supplemental fat to cattle diets (Elliott et al., 
1991; Plascenia et al. 1995; Zinn and Plascenia, 1993). In contrast, Belknap (1999) 
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reported a significant decrease in total tract digestion of nitrogen from 71.3% for 
typical corn to 63.7% for cattle fed isogenetic HOC (P=.06). Jenkins and Jenny, 
(1989) also reported decreased N digestion for cattle fed additional fat. CP in diets 
containing HOHPC was digested significantly less than that of NC (74.1% and 
76.6%, respectively} and there was a trend for lower digestion compared with WC 
and HPC. Although little research has addressed the feeding value of HOHPC, a 
study conducted with pigs fed high-lysine-high-oil corn (HLHOC}, indicated similar 
CP digestion for both HLHOC as well as HOC (O'Quinn et al., 2000}. The observed 
decrease in apparent crude protein digestion for HOHPC, in the current study, may 
be a result of several factors. First, HOHPC contained a higher concentration of 
protein; therefore, no soybean meal was added to the diets containing HOHPC in 
order to maintain similar CP concentration across treatments. The other diet 
treatments contained 3% soybean meal. This probably changed the degradability of 
the protein composition of the diet and altered the site and extent of protein digestion 
within the digestive tract. The N from the soybean meal may have been more 
digestible than the N found within the kernel of HOHPC. Second, there may be 
differences in the protein quality within this corn type that make the nitrogen in the 
corn less available to the animal. Part of this variation in protein quality may be due 
to an alteration in the amino acid profile of the diets containing HOHPC. According to 
O'Quinn et al. (2000), the amino acid profile of HLHOC was altered significantly 
compared with HOC or other hybrids. This difference was associated with a higher 
concentration of lysine while other essential amino acids such as threonine and 
tryptophan were similar between the varieties. An imbalance of amino acids in 
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ruminant diets may cause a deficiency of limiting amino acids. Amino acids serve as 
precursors for protein synthesis and an imbalance may impair protein utilization 
(Shirley, 1986). According to the NRC Subcommittee on Nitrogen Usage in 
Ruminants (1985) and Wessels and Titgemeyer (1996 a, b), an imbalance in amino 
acids that results in one limiting amino acid will cause a reduction in the utilization of 
other amino acids and therefore a subsequent loss in feeding value. Rapid oxidation 
of amino acids will ensue followed by a rapid removal from the body. This could 
have caused the increase in nitrogen loss through the urine from steers fed HOHPC 
in the present study. Lastly, although the diets were formulated to be isonitrogenous, 
the diets containing HOHPC had 1-1.5 percentage units less CP compared to the 
other diets; therefore, nitrogen intake for diets containing HOHPC was less than 
expected and less than diets containing the other four corn types. 
Fecal nitrogen remained similar between treatments; however urine nitrogen 
excretion was significantly higher for the HOHPC diets. Due to this high nitrogen 
excretion rate, retained nitrogen, expressed as a quantity or percentage of intake, 
was significantly less with HOHPC compared with the other corns. The other four 
corn types did not differ significantly for urine nitrogen excretion, fecal nitrogen 
excretion or retained nitrogen. Characterizing the rumen degradability of the proteins 
within HOHPC may be of value when determining where this specialty corn could fit 
into the livestock industry. According to the results of this study, the additional 
protein in HOHPC was less available to the cattle and resulted in low nitrogen 
retention. Additionally, determining the amino acid profiles of these specialty corns 
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may prove beneficial for establishing their use in diets for other species such as 
swine and poultry. 
EFFECTS OF CORN PROCESSING 
Processing corn by reducing particle size has been practiced in feedlots for 
the benefit of increasing available energy. Many techniques are used to process 
corn and utilizing the most cost effective as well as nutritionally beneficial method 
would prove to be an asset for cattle feeders. In the present study, dry rolling the 
corn grain did not affect DMI of diets containing different types of corn. This was 
similar to results of Parsons et al. (1998a); Robbins and Pritchard (1994 a, b) and 
Hutcheson et al. (1994) who demonstrated similar intakes for cattle fed diets 
containing whole or dry rolled corn. 
Digestion of DM and OM was increased approximately 2.01 and 1.91 
percentage units, respectively with dry rolling the corn grain. Previous research in 
ruminant nutrition has supported the observation of increased OM and DM digestion 
in cattle fed corn grain processed by steam flaking or dry rolling to increase available 
surface area (Barajas et al., 1998; Cooper et al., 2002a; Zinn et al., 1995 and 
Kessen et al., 1997). The increase in digestion, observed in the present study, is 
most likely attributed to an increase in bacterial attachment as a result of an increase 
in available surface area (Miron et al. 2000). Although no interaction between corn 
type and method of corn processing was noted, averages of DM and OM digestion 
for HOHPC did not exhibit the same observable increase in digestibility when the 
corn was cracked. HPC exhibited minor increases in digestion of OM and DM; 
however, similar to HOHPC, these values were not as large as those of NC, WC and 
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HOC, when the corn was cracked. The lack of a statistically significant interaction 
was primarily a consequence of the higher digestion coefficients for both of these 
corn types when the corn was fed whole. DM digestion coefficients for diets 
containing whole NC, WC and HOC were 76.4%, 77.6% and 75.7%, respectively. 
On the other hand, the DM digestion coefficients for diets containing whole HOHPC 
and HPC were 78.6% and 79.1 %, respectively. These values were already high 
compared with the other three types and may have been the result of physical 
characteristics of the corn types, such as hardness of the kernel. Wilson et al., (2002 
a, b), reported differences in required force to crush kernels of typical yellow, HOC 
and WC. Although kernel softness of HPC was not measured by Wilson et al., 
(2002), an implication can be drawn that kernels from different corn types exhibit 
different degrees of kernel hardness. If the kernels of higher protein corn types are 
softer, mastication by the animal could result in increased surface area similar to that 
of dry rolling the corn. An increase in surface area would allow for more bacterial 
attachment to feed particles and increased digestion. If this were the case, similar 
digestion coefficients might have been expected for whole and cracked corn diets, 
as was seen in the current study. 
Starch digestion was significantly increased as a result of dry rolling the corn 
grain (P<.0001). This observation is not uncommon, as starch is made more 
available to rumen microbes with the decrease in particle size (Zinn, 1990a; Brown 
et al., 1998 and Brown et al., 2000). Interestingly, a trend for an interaction between 
corn type and processing occurred (P=.0733). NC, HOC, WC and HPC had 
significant increases in the digestion of starch with dry rolling the corn grain. In 
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contrast, the amount of starch digested from diets containing HOHPC was not 
increased with processing. A possible explanation for this observation may be a 
result of the protein-starch matrix of the corn hybrid as well as the softness of the 
endosperm associated with this type. Starch granules are embedded within the 
storage protein matrix of the grain (Lasztity, 1984). A softer endosperm may have 
allowed for increased disruption of the starch-protein matrix during mastication and 
rumination, thereby freeing starch granules for microbial attachment and 
fermentation. Processing the corn by dry rolling, therefore, might not have increased 
the digestion of starch if particle size remained relatively similar after mastication 
and entry into the rumen. 
Dry rolling significantly increased the digestion of fat for the 5 corn types. This 
was expected because lipids within corn grain are located in the endosperm. The oil 
within the endosperm was most likely made more available to digestive microbes as 
a result of the physical disruption of the kernel during dry rolling. Corn oil, located 
within the kernel, might also be more digestible than the remainder of the ether 
extract content of the diets, depending on fatty acid saturation, resulting in improved 
digestion when the oil was made more available through dry rolling corn. An 
increase in the digestion of fat should result in increased amounts of available 
energy to the animal. Recent studies with feedlot cattle have not reported results of 
the effect of grain processing on EE digestion; however, studies with cattle have 
demonstrated the potential for steam flaking corn grain to increase the available 
energy content of diets. According to Brown et al. (2000) and Theurer et al. (1999), 
steam flaking corn grain to lower flake densities, increased the amount of available 
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energy when fed to feedlot cattle. This increase in energy can be beneficial to the 
animal by making more energy available for growth and production. The primary 
reason feedlots process grain, is to increase the energy density of diets and promote 
enhanced levels of production (Cooper et al. 2002a). 
Fiber digestion was partially affected by processing. ADF digestion 
coefficients between diets containing whole or cracked corn were not different. 
Similar results were reported by Crocker et al. (1998); Zinn (1990) and Zinn et al. 
(1995) for ADF digestion of diets that contained either dry rolled or steam flaked 
corn. This was expected because the diets in the current study were low in ADF 
concentration. Dry rolling corn decreased the digestion of NDF. The data indicated a 
decrease from an average of 60.5% to 58.1 %for whole and cracked corn diets, 
respectively (Table 4.2). According to Goetsch et al. (1985) and Heinrichs et al. 
(1999), the increase in surface area of processed grain, promotes rapid fermentation 
by rumen microbes, which may lead to a decrease in rumen pH and a subsequent 
toxic effect on the cellulolytic bacteria in the rumen. This can decrease the amount of 
ADF and NDF digested. Although this is often the case in cattle fed high forage diets 
(Heinrichs et al., 1999), studies with feedlot cattle consuming high concentrate diets 
have not observed a difference in the digestion of fiber components (Robbins and 
Pritchard, 1994a; Van Schaack et al., 1993 and Young et al., 1998). In general the 
digestion of NDF decreased as a result of dry rolling the corn. No significant 
processing by corn type interaction was detected; however, numerically NDF 
digestion for diets containing HOC, increased from 57.7% to 60.9% for whole and 
dry rolled, respectively. 
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Corn processing did not affect crude protein digestion. In addition, dry rolling 
corn did not affect the metabolism of nitrogen. N intake, fecal N, urine N, retained N 
and N balance (as a percent of intake) were all measured and were not different 
befinreen processing treatments. Likewise, Crocker et al. (1998) reported similar 
digestion of CP for cattle fed diets containing increasing levels of steam flaked corn 
compared with dry rolled corn. Brown et al. (2000) reported similar N in urine 
excretion when cattle were fed diets containing steam flaked corn with decreasing 
flake densities. Theoretically, the increase in available energy from processed corn, 
along with adequate ruminally available dietary N, should improve bacterial protein 
efficiency and increase the flow of BCP to the duodenum (NRC, 1996). Ramirez et 
al. (1985) demonstrated that steaming whole corn could impact N balance. N 
retention was increased and N balance improved compared to that of un-processed 
whole corn. This was attributed to the steaming process altering the rumen 
degradability of the corn grain proteins, allowing more protein to escape rumen 
fermentation and enter the duodenum. This observation was only observed when 
whole corn was steamed without flaking and not between whole corn and steam 
flaked corn. In support of the current study, Cooper et al. (2002b) did not observe 
differences in nitrogen metabolism or BCP flow to the duodenum of steers fed diets 
containing dry rolled corn or steam flaked corn. It does not appear that processing 




Additional research is warranted to determine the value of specialty corn for 
feeding cattle. Based on apparent digestion of nutrients, HOC was similar to NC in 
the current study and therefore, does not appear to offer any additional value than 
NC. If the production of HOC, such as planting, harvesting, grain yield and drying 
time, increase the cost of including this type of corn in livestock diets, the value of 
HOC is limited. Trenkle (2000a) and Belknap (1999) have also determined that the 
use of HOC in feedlot diets is limited based on digestion and feedlot trials. 
WC may be of interest to feeders due to a numerical increase in digestion of 
DM, OM, starch, fat, ADF and NDF, compared with NC. WC contained more CP 
compared with NC and therefore, less CGM was added to the WC diets to maintain 
N concentration. N metabolism of steers fed WC, in the current study, was similar 
when compared with steers fed NC. Potential benefits for carcass quality, based on 
fat color, were demonstrated by Trenkle (2002). This carcass attribute may have 
potential for increasing the use of WC for selling beef in export markets that prefer 
subcutaneous fat with whiter coloring. The results of this study indicate that WC can 
be effectively substituted for NC in beef finishing diets without affecting digestibility 
of the diets. Additional research to determine the amino acid profile of this corn may 
be of value in determining its optimal use as a feedstuff for livestock other than beef 
cattle. The majority of WC in the United States is grown for milling into products for 
human consumption; therefore, the inclusion of WC in livestock diets may be limited. 
Increases in WC production; however, may lead to overproduction of the crop or off-
grade corn which might offer feeders an economic opportunity. 
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Diets containing HPC exhibited numerically higher digestion of DM, OM, 
starch, fat, and NDF, while nitrogen digestion and metabolism remained similar, 
when compared to diets containing NC. Due to the higher concentration of CP in the 
corn, less CGM was required in the diet to maintain dietary CP level. This may prove 
economical to feeders if the cost of substituting with this corn type is low enough to 
warrant its use. One concern for the use of HPC may be overfeeding N. When cattle 
get heavier and are consuming more feed, use of HPC might result in overfeeding N 
to cattle, which could be an environmental concern. Numerically higher coefficients 
for nutrient digestion of diets containing HPC compared with those containing NC, 
indicate a potential increase in feeding value other than protein when HPC is 
included in feedlot diets. No adverse effects on feedlot performance were observed 
when feedlot steers were fed HPC compared with NC (Trenkle 2000a). Future 
studies to determine the amino acid profile as well as additional digestion studies to 
establish protein degradability and site and extent of digestion may be warranted to 
better evaluate the feeding value of HPC compared with NC in beef finishing diets. 
Characterizing the hardness or softness of the endosperm of this corn type may be 
useful to determine appropriate processing methods to optimize nutrient availability. 
Additional studies may be useful to determine the optimal value of HOHPC in 
livestock diets. Fat and starch were digested to a greater extent for cattle diets 
containing HOHPC. As previously discussed, the corn oil and starch of this corn type 
may be more digestible or more available to the animal compared with nutrients in 
NC. SBM was omitted from the diets containing HOHPC as a result of the high CP 
content of the corn grain. An increase in CP content of corn might benefit cattle 
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feeders if less supplemental protein is needed to optimize feedlot production. 
Decreased cost of gain as a result of similar feed efficiency and less supplemental 
protein in the diet was observed in feedlot cattle fed diets containing HOHPC 
compared to NC (Trenkle, 2000a). Based on the results of the current study, a major 
concern for the inclusion of HOHPC in feedlot cattle diets would be protein 
metabolism. Less nitrogen was retained in the cattle fed HOHPC compared with NC. 
This observation was a result of a significant increase in urine N loss. This was more 
than likely a response of an alteration in diet protein degradability and/or the amino 
acid profile. An increasing interest in nitrogen metabolism and the environment has 
focused on reducing the amount of excreted nitrogen in feedlots due to the negative 
impact of ammonia emissions on the environment. With increased N loss in the 
urine, HOHPC may contradict this growing ideal and thereby eliminate its use as an 
ingredient in cattle rations. Additional digestibility research may be valuable to 
determine site and extent of nutrient digestion for further characterization. Amino 
acid and fatty acid profiles may be useful in order to establish the potential benefit 
for other species such as swine or poultry. 
According to the data obtained in the current digestion trial, specialty corns 
may have limited advantages for inclusion in feedlot diets. Additional research is 
warranted to further characterize physical characteristics of these corns, such as 
hardness or softness of the endosperm, and chemical characteristics, such as amino 
acid and fatty acid profiles. Further characterization of these corn types will help 
determine optimum strategies for including these corns into diets for feedlot cattle or 
for other livestock species. The costs associated with obtaining these corns, due to 
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availability or additional costs associated with production, such as harvesting, drying 
time and processing, may limit their use as feed ingredients; therefore evaluating the 
economic impact of the inclusion of these corns may help determine their place in 
the I ivestock feeding industry. 
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